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(57) ABSTRACT 

The object of the present invention is to provide a control 
valve for a variable displacement compressor, Which is 
capable of controlling the variable displacement compressor 
to the minimum capacity Without using an electromagnetic 
clutch, and can be constructed Without accommodating a 
solenoid in a pressure chamber. A plunger of a solenoid is 
formed by a ?rst plunger and a second plunger, and a 
diaphragm is disposed betWeen them, for sensing suction 
pressure Ps, such that the ?rst plunger controls a valve 
element via a shaft, With component elements of the sole 
noid except for the ?rst plunger being disposed on a side of 
the diaphragm Where the atmospheric pressure is received. 
Further, When the solenoid is not energized, the high suction 
pressure Ps urges the second plunger toWard the core via the 
diaphragm, and a spring causes the ?rst plunger to urge the 
valve element to the fully open position, Which enables the 
variable displacement compressor to be controlled to the 
minimum capacity. 
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CONTROL VALVE FOR VARIABLE 
DISPLACEMENT COMPRESSOR 

CROSS-REFERENCES TO RELATED 
APPLICATIONS, IF ANY 

[0001] This application claims priority of Japanese Appli 
cations No.2002-308576 ?led on Oct. 23, 2002, entitled 
“Control Valve for Variable Displacement Compressor”, 
No.2003-048392 ?led on Feb. 26, 2003, entitled “Control 
Valve for Variable Displacement Compressor” and N02003 
289581 ?led on Aug. 8, 2003, entitled “Control Valve for 
Variable Displacement Compressor”. 

BACKGROUND OF THE INVENTION 

[0002] (1) Field of the Invention 

[0003] The present invention relates to a control valve for 
a variable displacement compressor, and more particularly 
to a control valve employed in a variable displacement 
compressor of an automotive air conditioner, for controlling 
the refrigerant discharge capacity. 

[0004] (2) Description of the Related Art 

[0005] A compressor used in a refrigeration cycle of an 
automotive air conditioner is driven by an engine Whose 
rotational speed is varied depending on a traveling condition 
of the vehicle, and hence is incapable of performing rota 
tional speed control. For this reason, in general, a variable 
displacement compressor capable of changing the refriger 
ant discharge capacity is employed so as to obtain an 
adequate refrigerating capacity Without being constrained by 
the rotational speed of the engine. 

[0006] In the variable displacement compressor, in gen 
eral, a Wobble plate disposed Within a crank chamber formed 
gastight, such that the inclination angle thereof can be 
changed, is driven by the rotational motion of a rotational 
shaft, for performing Wobbling motion, and pistons caused 
to perform reciprocating motion in a direction parallel to the 
rotational shaft by the Wobbling motion of the Wobble plate 
draW refrigerant from a suction chamber into associated 
cylinders, compress the refrigerant, and then discharge the 
same into a discharge chamber. In doing this, the inclination 
angle of the Wobble plate is varied by changing the pressure 
in the crank chamber, Whereby the refrigerant discharge 
capacity is varied. The control valve for a variable displace 
ment compressor provides control to change the pressure in 
the crank chamber. 

[0007] In general, such a control valve for a variable 
displacement compressor, Which variably controls the dis 
charge capacity of the compressor, operates to introduce part 
of refrigerant discharged from the discharge chamber and 
having discharge pressure Pd into the crank chamber formed 
gastight, such that pressure Pc in the crank chamber is 
controlled through control of the amount of refrigerant thus 
introduced, Which control is carried out according to suction 
pressure Ps in the suction chamber. That is, the control valve 
for a variable displacement compressor senses the suction 
pressure Ps, and controls the How rate of refrigerant intro 
duced from the discharge chamber into the crank chamber at 
the discharge pressure Pd, so as to hold the suction pressure 
Ps at a constant level. 

[0008] To this end, the control valve for a variable dis 
placement compressor is equipped With a pressure-sensing 
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section for sensing the suction pressure Ps, and a valve 
section for causing a passage leading from the suction 
chamber to the crank chamber to open and close according 
to the suction pressure Ps sensed by the pressure-sensing 
section. Further, a type of the control valve for a variable 
displacement compressor Which is capable of freely exter 
nally setting a value of suction pressure Ps to be assumed, 
at the start of the variable placement operation, is equipped 
With a solenoid that enables con?guration of settings of the 
pressure-sensing section by external electric current. 

[0009] By the Way, conventional control valves for a 
variable displacement compressor Which can be externally 
controlled include a type for control of a variable displace 
ment compressor con?gured such that an engine is directly 
connected to a rotational shaft of the compressor Without 
providing an electromagnetic clutch betWeen the engine and 
the rotational shaft on Which a Wobble plate is ?tted, for 
execution and inhibition of transmission of a driving force of 
the engine (see eg Japanese Unexamined Patent Publica 
tion No. 2000-110731 (Paragraph Nos. [0010] and [0044], 
and FIG. 

[0010] This control valve comprises a valve section caus 
ing a passage communicating betWeen a discharge chamber 
and a crank chamber to be opened and closed, a solenoid for 
generating an electromagnetic force causing the valve sec 
tion to operate in the closing direction, and a pressure 
sensing section for causing the valve section to operate in the 
opening direction as suction pressure Ps becomes loWer 
compared With the atmospheric pressure, Which are arranged 
in this order. Therefore, When the solenoid is not energiZed, 
the valve section is in a fully open state, Whereby pressure 
Pc in a crank chamber can be held at a pressure close to 
discharge pressure Pd. This causes the Wobble plate to 
become substantially at right angles to the rotational shaft, 
enabling the variable displacement compressor to operate 
With minimum capacity. Thus, the refrigerant discharge 
capacity can be substantially reduced to approximately Zero 
even When the engine is directly connected to the rotational 
shaft, Which makes it possible to eliminate the electromag 
netic clutch. 

[0011] HoWever, the conventional control valve for con 
trolling a variable displacement compressor dispensed With 
the electromagnetic clutch is con?gured such that the pres 
sure-sensing section and the valve section are arranged With 
the solenoid interposed therebetWeen, and the suction pres 
sure Ps is introduced to the pressure-sensing section Which 
compares the suction pressure Ps and the atmospheric pres 
sure, via the solenoid. This necessitates the solenoid in its 
entirety to be accommodated Within a pressure chamber, and 
hence components of the solenoid need to be designed With 
considerations given to resistance to pressure. 

SUMMARY OF THE INVENTION 

[0012] The present invention has been made in vieW of 
these points, and an object thereof is to provide a control 
valve for a variable displacement compressor, Which is 
capable of controlling the variable displacement compressor 
to the minimum capacity Without using an electromagnetic 
clutch, and can be constructed Without accommodating a 
solenoid in a pressure chamber. 

[0013] To solve the above problem, the present invention 
provides a control valve for a variable displacement com 
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pressor for controlling pressure in a crank chamber formed 
gastight to thereby change a refrigerant discharge capacity, 
characterized in that a plunger of a solenoid is divided into 
a ?rst plunger and a second plunger, and a pressure-sensing 
member is disposed betWeen the ?rst plunger and the second 
plunger, for sensing suction pressure in a suction chamber. 

[0014] The above and other objects, features and advan 
tages of the present invention Will become apparent from the 
folloWing description When taken in conjunction With the 
accompanying draWings Which illustrate preferred embodi 
ments of the present invention by Way of eXample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a ?rst 
embodiment. 

[0016] FIG. 2 is a central longitudinal cross-sectional 
vieW shoWing the control valve for a variable displacement 
compressor in a state Where the variable displacement 
compressor is started. 

[0017] FIG. 3 is a central longitudinal cross-sectional 
vieW shoWing the control valve for a variable displacement 
compressor in a state Where the variable displacement 
compressor is in steady operation. 

[0018] FIG. 4 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a second 
embodiment. 

[0019] FIG. 5 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a third 
embodiment. 

[0020] FIG. 6 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a fourth 
embodiment. 

[0021] FIG. 7 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a ?fth 
embodiment. 

[0022] FIG. 8 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a siXth 
embodiment. 

[0023] FIG. 9 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a seventh 
embodiment. 

[0024] FIG. 10 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to an eighth 
embodiment. 

[0025] FIG. 11 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a ninth 
embodiment. 
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[0026] FIG. 12 is a partial enlarged central longitudinal 
cross-sectional vieW for explaining a valve section of a 
control valve for a variable displacement compressor, 
according to a tenth embodiment. 

[0027] FIG. 13 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to an eleventh 
embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] Hereinafter, embodiments of the present invention 
Will be described in detail With reference to the draWings. 

[0029] FIG. 1 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a ?rst 
embodiment of the invention. 

[0030] The control valve for the variable displacement 
compressor includes a valve section in an upper location as 
vieWed in the ?gure. In the valve section, an opening in the 
top of a body 11 forms a port 12 Which communicates With 
a discharge chamber of the variable displacement compres 
sor and receives discharge pressure Pd, and a strainer 13 is 
provided on the port 12. The port 12 receiving the discharge 
pressure Pd internally communicates With a port 14 com 
municating With a crank chamber of the variable displace 
ment compressor and formed in the body 11 so as to guide 
controlled pressure Pc out into the crank chamber, and a 
valve seat 15 is formed in a refrigerant passage communi 
cating betWeen the port 12 and the port 14, as an integral part 
of the body 11. In opposed relation to a side of the valve seat 
Where the discharge pressure Pd is received, a valve element 
16 is disposed in an aXially movable manner. The valve 
element 16 is urged in the valve-closing direction by a spring 
17 Which has its load adjusted by an adjustment screW 18 
screWed into the port 12. BeloW the body 11, as vieWed in 
the ?gure, there is formed a port 19 communicating With a 
suction chamber of the variable displacement compressor 
and receiving suction pressure Ps. 

[0031] A holloW cylindrical member 20 is disposed at a 
loWer end of the body 11, and a ?rst plunger 21 is aXially 
movably disposed Within the holloW cylindrical member 20. 
The ?rst plunger 21 has a guide 22, Which is made eg of 
polytetra?uoroethylene and has a loW sliding resistance, 
?tted along the periphery thereof at a loWer part location as 
vieWed in the ?gure. The outer peripheral surface of the 
guide 22 is in sliding contact With the inner Wall of the 
holloW cylindrical member 20, Whereby When the ?rst 
plunger 21 axially moves, the guide 22 serves to guide the 
?rst plunger 21, While maintaining the same at a predeter 
mined distance from the inner Wall of the holloW cylindrical 
member 20. It should be noted that the guide 22 is not 
provided along the entire circumference of the ?rst plunger 
21, but has one portion thereof cut open, thereby alloWing 
the suction pressure Ps to be introduced into a space formed 
on a loWer end side of the ?rst plunger 21. 

[0032] The ?rst plunger 21 has a ?ange 23 ?Xed to an 
upper end location thereof by press-?tting, With a spring 24 
interposed betWeen the ?ange 23 and an upper end face of 
the holloW cylindrical member 20. A shaft 25, Which is 
aXially movably disposed Within the body 11 With almost no 
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clearance between the same and the body 11, has a loWer end 
thereof ?xed to the ?rst plunger 21, by press-?tting, at an 
upper axial location of the ?rst plunger 21. Thus, the shaft 
25 and the guide 22 position the ?rst plunger 21 on the axis 
of the body 11. The upper end of the shaft 25 extends 
through a valve hole and is in contact With the valve element 
16. 

[0033] The spring 24 urging the ?rst plunger 21 upWard as 
vieWed in the ?gure is con?gured to have a larger spring 
force than that of the spring 17 urging the valve element 16 
in the valve-closing direction. Therefore, When the solenoid 
is not energiZed, the ?rst plunger 21 is in abutment With the 
ceiling of a chamber communicating With the port 19, and 
the valve element 16 With Which the shaft 25 is in contact is 
in its fully open position. 

[0034] BeloW the ?rst plunger 21, a diaphragm 26 consti 
tuting a pressure-sensing section is disposed. The diaphragm 
26 has its outer peripheral edge sandWiched by the holloW 
cylindrical member 20 and a casing 27 of the solenoid, and 
sealed by a gasket 28. The sandWiching of the diaphragm 26 
by the holloW cylindrical member 20 and the casing 27 of 
the solenoid is realiZed by sWaging an upper end edge of the 
casing 27 as vieWed in the ?gure onto the loWer end of the 
body 11 as vieWed in the ?gure, With the holloW cylindrical 
member 20 held therebetWeen. Thus, part forming a pressure 
chamber of the control valve for the variable displacement 
compressor extends up to a portion partitioned by the 
diaphragm 26, and part loWer than this portion receives the 
atmospheric pressure. It should be noted that the diaphragm 
26 is formed eg of one piece of polyimide ?lm. HoWever, 
by using a plurality of pieces thereof overlaid one upon other 
as required, it is possible to increase resistance to breakage 
Which might be caused by repeated collision of the ?rst 
plunger 21. 

[0035] Within the casing 27, a magnet coil 29 is disposed, 
and inside the magnet coil 29 is disposed a sleeve 30. The 
sleeve 30 has a core 31 inserted into a loWer portion thereof 
and ?xed thereto. BetWeen the core 31 and the diaphragm 26 
is disposed a second plunger 32 such that the second plunger 
32 is axially movable Within the sleeve 30. The second 
plunger 32 has the upper end of a shaft 33 disposed along the 
axis thereof, as vieWed in the ?gure, ?xed thereto by 
press-?tting, With the loWer end of the shaft 33 being 
supported by a bearing 35 disposed Within a knob 34 Which 
closes the open end of the casing 27. Disposed betWeen the 
second plunger 32 and the core 31 is a spring 36 Which urges 
the second plunger 32 toWard the diaphragm 26. 

[0036] The body 11 has an O ring 37 ?tted on a periphery 
thereof at a location betWeen the port 12 via Which the 
discharge pressure Pd is introduced and the port 14 via 
Which the pressure Pc is guided out into the crank chamber, 
and has an O ring 38 ?tted on a periphery thereof at a 
location betWeen the port 14 via Which the pressure Pc is 
guided out and the port 19 via Which the suction pressure Ps 
is introduced. The loWer end of the casing 27 as vieWed in 
the ?gure has an O ring 39 ?tted on a periphery thereof for 
cutting off the suction pressure Ps from the atmospheric 
pressure. Further, the magnet coil 29 is supplied With control 
current via a harness 40. 

[0037] In the above construction described above, the 
holloW cylindrical member 20, the casing 27, and the knob 
34 are made of magnetic materials, thereby serving as a yoke 
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of a magnetic circuit of the solenoid, With the lines of 
magnetic force generated by the magnet coil 29 extending 
through the magnetic circuit formed by the casing 27, the 
holloW cylindrical member 20, the ?rst plunger 21, the 
second plunger 32, the core 31, and the knob 34. 

[0038] The control valve for a variable displacement com 
pressor as shoWn in the ?gure is in a state Wherein the 
solenoid is not energiZed, and the suction pressure Ps is high, 
that is, When the air conditioner is not in operation. Since the 
suction pressure Ps is high, the diaphragm 26 is displaced 
doWnWard, as vieWed in the ?gure, against the load of the 
spring 36 to thereby bring the second plunger 32 into 
abutment With the core 31. On the other hand, the ?rst 
plunger 21 is urged upWard as vieWed in the ?gure by the 
spring 24, so that it is moved aWay from the diaphragm 26, 
and hence in a state free from in?uence of the diaphragm 26 
Which is displaced by changes in the suction pressure Ps. 
Further, the ?rst plunger 21 urges the valve element 16 
toWard the fully open position thereof via the shaft 25. 
Therefore, in this state, even When the rotational shaft of the 
variable displacement compressor is driven for rotation by 
the engine, the variable displacement compressor is operated 
With the minimum discharge capacity. 

[0039] FIG. 2 is a central longitudinal cross-sectional 
vieW shoWing the control valve for a variable displacement 
compressor in a state Where the variable displacement 
compressor is started, and FIG. 3 is a central longitudinal 
cross-sectional vieW shoWing the control valve for a variable 
displacement compressor in a state Where the variable 
displacement compressor is in steady operation. 

[0040] When the maximum control current is supplied to 
the magnet coil 29 of the solenoid, as in the case of the 
variable displacement compressor having been started, as 
shoWn in FIG. 2, the second plunger 32 is pressed doWn 
Ward as vieWed in the ?gure by the high suction pressure Ps 
to be brought into abutment With the core 31, so that even 
if the second plunger 32 is attracted by the core 31, it 
remains in the same position. Therefore, in this case, the 
second plunger 32 and the core 31 behaves as if they Were 
a ?xed core, so that the second plunger 32 attracts the ?rst 
plunger 21, causing the ?rst plunger 21 to be attached to the 
second plunger 32 via the diaphragm 26, Whereby the shaft 
25 is pulled doWnWard. As a result, the spring 17 causes the 
valve element 16 to be seated on the valve seat 15, to fully 
close the valve section. This blocks off the passage extend 
ing from the discharge chamber to the crank chamber, so that 
the variable displacement compressor is promptly shifted 
into the operation With the maximum capacity. 

[0041] When the variable displacement compressor con 
tinues to operate With the maximum capacity to make the 
suction pressure Ps loW enough, the diaphragm 26 senses the 
suction pressure Ps to attempt to move upWard as vieWed in 
the ?gure. At this time, if the control current supplied to the 
magnet coil 29 is decreased according to the set temperature 
of the air conditioner, as shoWn in FIG. 3, the ?rst plunger 
21, the diaphragm 26, and the second plunger 32 in attracted 
state move in unison upWard as vieWed in the ?gure to a 
position Where the suction pressure Ps, the loads of the 
springs 17, 24, and 36, and the attractive force of the 
solenoid are balanced. This causes the valve element 16 to 
be pushed upWard as vieWed in the ?gure by the shaft 25 to 
move aWay the valve seat 15, to be set to a predetermined 
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valve lift. Therefore, refrigerant having discharge pressure 
Pd is introduced into the crank chamber at a How rate 
controlled to a value dependent on the valve lift, Whereby 
the variable displacement compressor is shifted to operation 
With the capacity corresponding to the control current. 

[0042] When the control current supplied to the magnet 
coil 29 of the solenoid is constant, the diaphragm 26 senses 
the suction pressure Ps to thereby control the valve lift of the 
valve section. For eXample, When the refrigerating load is 
increased to make the suction pressure Ps high, the dia 
phragm 26 is displaced doWnWard as vieWed in the ?gure, 
so that the valve element 16 is also moved doWnWard to 
decrease the valve lift of the valve section, causing the 
variable displacement compressor to operate in a direction 
of increasing the discharge capacity. On the other hand, 
When the refrigerating load is decreased to make the suction 
pressure Ps loW, the diaphragm 26 is displaced upWard as 
vieWed in the ?gure to increase the valve lift of the valve 
section, causing the variable displacement compressor to 
operate in a direction of decreasing the discharge capacity. 
Thus, the variable displacement compressor operates to 
make the suction pressure Ps constant. 

[0043] FIG. 4 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a second 
embodiment of the present invention, and component ele 
ments identical or equivalent to those shoWn in FIG. 1 are 
designated by the same reference numerals, and detailed 
description thereof is omitted. 

[0044] The control valve for a variable displacement com 
pressor, according to the second embodiment is distin 
guished from the control valve according to the ?rst embodi 
ment in that the locations of the port 12 receiving discharge 
pressure Pd from the discharge chamber and the port 14 
from Which the controlled pressure Pc is guided out into the 
crank chamber are inverted. 

[0045] In the control valve for a variable displacement 
compressor, the valve element 16 is integrally formed With 
a pressure-sensing piston 41, and the discharge pressure Pd 
is introduced into a reduced-diameter portion connecting the 
valve element 16 and the pressure-sensing piston 41. The 
pressure-sensing piston 41 has an outer diameter equal to an 
inner diameter of a valve hole forming the valve seat 15, 
Whereby the pressure-receiving area of the valve element 16 
and the pressure-receiving area of the pressure-sensing 
piston 41 are made equal to each other. This causes the force 
of the discharge pressure Pd acting to move the valve 
element 16 upWard as vieWed in the ?gure to be cancelled 
out by the force of the same acting to move the pressure 
sensing piston 41 doWnWard as vieWed in the ?gure, thereby 
enabling the solenoid and the diaphragm 26 to control the 
valve element 16 Without being in?uenced by the discharge 
pressure Pd Which is high. 

[0046] The pressure-sensing piston 41 has a function of 
canceling out in?uence of the discharge pressure Pd and a 
function of a shaft for transmitting the motions of the 
solenoid and the diaphragm 26 to the valve element 16, as 
in the case of the control valve for a variable displacement 
compressor, according to the ?rst embodiment. 

[0047] The other features of the construction in Which the 
plunger is divided into tWo With the diaphragm 26 disposed 
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therebetWeen and the construction of the solenoid are the 
same as those of the control valve for a variable displace 
ment compressor, according to the ?rst embodiment, and 
hence description of the operation thereof is omitted. 

[0048] FIG. 5 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a third 
embodiment of the present invention, and component ele 
ments identical or equivalent to those shoWn in FIG. 1 are 
designated by the same reference numerals, and detailed 
description thereof is omitted. 

[0049] The control valve for a variable displacement com 
pressor, according to the third embodiment is distinguished 
from the control valves according to the ?rst embodiment 
and the second embodiment in that the control valve per 
forms the control of the How rate of refrigerant having 
pressure Pc alloWed to escape from the crank chamber to the 
suction chamber in addition to the control of the How rate of 
refrigerant having discharge pressure Pd introduced into the 
crank chamber, Which is carried out by the control valves 
according to the ?rst and second embodiments. 

[0050] In this control valve for a variable displacement 
compressor, the passage communicating With the crank 
chamber is divided in tWo. That is, the body 11 has a port 
14a via Which controlled pressure Pc1 is guided out into the 
crank chamber and a port 14b via Which pressure Pc2 is 
introduced from the crank chamber. This is for forming a 
passage alloWing refrigerant introduced from the discharge 
chamber and controlled by the valve section to once enter 
the crank chamber and then ?oW from the crank chamber 
into the suction chamber, so as to cause lubricating oil miXed 
in the refrigerant for lubrication of the compressor, to be 
positively ?oW by Way of the crank chamber. 

[0051] The port 14b via Which the refrigerant returns from 
the crank chamber opens, via a communication passage 42, 
into space communicating With the port 19 leading to the 
suction chamber. The opening Which opens into the space is 
con?gured to be opened and closed by the ?rst plunger 21. 
Therefore, When the valve section is fully closed, a passage 
betWeen the crank chamber and the suction chamber is 
opened, to maXimiZe the How rate of refrigerant alloWed to 
How from the crank chamber to the suction chamber, thereby 
enabling the compressor to perform prompt transition to the 
maXimum capacity operation, While the valve section is 
fully open, the passage betWeen the crank chamber and the 
suction chamber is closed, to maXimiZe the How rate of 
refrigerant introduced from the discharge chamber into the 
crank chamber, thereby enabling the compressor to perform 
prompt transition to the minimum capacity operation. 

[0052] The other features of the construction in Which the 
plunger is divided into the ?rst plunger 21 and the second 
plunger 32 With the diaphragm 26 disposed therebetWeen, 
and the construction of the solenoid are the same as those of 
the control valve for a variable displacement compressor, 
according to the ?rst embodiment. Therefore, the operation 
of this control valve for a variable displacement compressor 
is the same as that of the control valve for a variable 
displacement compressor, according to the ?rst embodi 
ment, and hence description thereof is omitted. 

[0053] FIG. 6 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
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variable displacement compressor, according to a fourth 
embodiment of the present invention. In FIG. 6, component 
elements identical or equivalent to those shoWn in FIG. 1 
are designated by the same reference numerals, and detailed 
description thereof is omitted. 

[0054] The control valve for a variable displacement com 
pressor, according to the fourth embodiment includes cush 
ioning means for softening impact of collision of the ?rst 
plunger 21 With the diaphragm 26 occurring When the ?rst 
plunger 21 is attracted to the second plunger 32 upon 
energiZation of the solenoid. More speci?cally, a disk 43 is 
interposed betWeen the ?rst plunger 21 and the diaphragm 
26, and a spring 44 is interposed betWeen the ?rst plunger 21 
and the disk 43. This arrangement has not only the function 
of constantly bringing the disk 43 into contact With the 
diaphragm 26, but also the same function as the function of 
the spring 24 urging the ?rst plunger 21 toWard the valve 
section as in the case of the control valves for a variable 
displacement compressor, according to the ?rst to third 
embodiments. The disk 43 is held by a guide 22 formed on 
the outer periphery of the ?rst plunger 21 and extending 
further doWnWard With respect to a loWer end of the ?rst 
plunger 21. 

[0055] With the above arrangement, the disk 43 is urged 
by the spring 44, so that the second plunger 32, the dia 
phragm 26, and the disk 43 are alWays in contact With each 
other, and move in unison. When the solenoid is not ener 
giZed, as shoWn in the ?gure, the ?rst plunger 21 and the disk 
43 are made separate from each other by the spring 44. 
When the solenoid is energiZed, the ?rst plunger 21 is 
attracted by the disk 43 integrated thereWith and attached to 
the disk 43 by collision. The force of impact of the collision 
is transmitted to the diaphragm 26 after being absorbed for 
cushioning by the disk 43, so that the impact on the 
diaphragm 26 is reduced. 

[0056] The other features of the construction in Which the 
plunger is divided into the ?rst plunger 21 and the second 
plunger 32 With the diaphragm 26 disposed therebetWeen, 
and the construction of the solenoid are also the same as 
those of the control valve for a variable displacement 
compressor, according to the ?rst embodiment. Therefore, 
the operation of this control valve for a variable displace 
ment compressor is the same as that of the control valve for 
a variable displacement compressor, according to the ?rst 
embodiment, and therefore description thereof is omitted. 

[0057] FIG. 7 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a ?fth 
embodiment of the present invention. In FIG. 7, component 
elements identical or equivalent to those shoWn in FIG. 4 
are designated by the same reference numerals, and detailed 
description thereof is omitted. 

[0058] The control valve for a variable displacement com 
pressor, according to the ?fth embodiment includes a 
mechanism for adjusting the load of the spring 36, in 
addition to the construction of the control valve for a 
variable displacement compressor, according to the second 
embodiment. More speci?cally, an adjustment screW 45 is 
screWed into the knob 34 at the loWer end of the valve as 
vieWed in the ?gure, and the adjustment screW 45 is formed 
to have such a shape that it supports the loWer end of the 
shaft 33 in an axially movable manner. A retaining ring 46 
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is ?tted on an intermediate portion of the shaft 33, and a 
spring retainer 47 is provided such that the upWard motion, 
as vieWed in the ?gure, of the spring retainer 47 is limited 
by the retaining ring 46. A spring 36 is interposed betWeen 
the spring retainer 47 and the adjustment screW 45. With this 
arrangement, the amount of screW-in of the adjustment 
screW 45 into the knob 34 can be adjusted to adjust the load 
of the spring 36, thereby adjusting the set value for the 
control valve for a variable displacement compressor. 

[0059] FIG. 8 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a sixth 
embodiment of the present invention. In FIG. 8, component 
elements identical or equivalent to those shoWn in FIGS. 6 
and 7 are designated by the same reference numerals, and 
detailed description thereof is omitted. 

[0060] The control valve for a variable displacement com 
pressor, according to a sixth embodiment of the present 
invention is con?gured such that the ?rst plunger 21 and the 
disk 43 are axially movably guided by a sleeve 48 ?xed to 
the holloW cylindrical member 20 by press-?tting, and the 
?rst plunger 21 is in contact With the pressure-sensing piston 
41 Which is integrally formed With the valve element 16. The 
holloW cylindrical member 20 has a loWer part thereof, as 
vieWed in the ?gure, expanded such that annular space is 
de?ned betWeen the same and the sleeve 48, With a com 
munication hole 49 being formed through a stepped portion 
thereof, for communication betWeen the port 19 via Which 
the suction pressure Ps is introduced and a space above the 
upper surface of the diaphragm 26. Further, the loWer end of 
the solenoid, as vieWed in the ?gure, is provided With a 
connector 50 to Which is connected the connector of the 
harness. The connector 50 has the adjustment screW 45 
screWed therein for adjustment of load of the spring 36, and 
is formed With a communication hole 51 for communicating 
the inside of the solenoid With the atmosphere. The other 
features of this control valve are identical to those of the 
control valve for a variable displacement compressor, 
according to the fourth embodiment, except that the valve 
element 16 has a tapered shape, and hence description of the 
operation thereof is omitted. 

[0061] FIG. 9 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a seventh 
embodiment of the present invention. In FIG. 9, component 
elements identical or equivalent to those shoWn in FIG. 8 
are designated by the same reference numerals, and detailed 
description thereof is omitted. 

[0062] The control valve for a variable displacement com 
pressor, according to the seventh embodiment is distin 
guished from the control valve for a variable displacement 
compressor according to the sixth embodiment in Which the 
centering of the ?rst plunger 21 and the disk 43 is performed 
by the sleeve 48 ?xed to the holloW cylindrical member 20, 
in that the centering is performed by another method. That 
is, the ?rst plunger 21 is centered by being ?tted on the 
pressure-sensing piston 41 integrally formed With the valve 
element 16, and the disk 43 is centered by having a convex 
portion formed on an end face thereof toWard the diaphragm 
26 ?tted in a concave portion formed in the center of the 
diaphragm 26 and the second plunger 32. It should be noted 
that the same effects can be obtained by providing a concave 
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portion in the disk 43 and providing a convex portion on the 
diaphragm 26 and the second plunger 32. The other features 
of the construction of this control valve are the same as those 
of the control valve for a variable displacement compressor, 
according to the sixth embodiment shoWn in FIG. 8, and 
therefore, description of the operation thereof is omitted. 

[0063] FIG. 10 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to an eighth 
embodiment of the present invention. In FIG. 10, compo 
nent elements identical or equivalent to those shoWn in 
FIGS. 7 and 8 are designated by the same reference 
numerals, and detailed description thereof is omitted. 

[0064] The control valve for a variable displacement com 
pressor, according to the eighth embodiment is distinguished 
from the control valve for a variable displacement compres 
sor, according to the ?fth embodiment shoWn in FIG. 7 in 
that the shape of the ?rst plunger 21 is changed such that it 
is promptly brought into contact With the diaphragm 26. 

[0065] That is, the ?rst plunger 21 is axially movably held 
by tWo C-shaped guides 22 provided therearound in sliding 
contact With the inner Wall of the holloW cylindrical member 
20 With a predetermined distance maintained from the 
surface of the inner Wall. Therefore, the ?rst plunger 21 is 
held by the holloW cylindrical member 20 With a relatively 
large clearance provided betWeen the ?rst plunger 21 and the 
holloW cylindrical member 20. An end face of the ?rst 
plunger 21 opposed to the diaphragm 26 is not ?at but 
con?gured such that a center and its neighborhood thereof is 
formed as a ?at surface and a surrounding portion is gently 
tapered, or such that the cross-section of the end face has a 
shape of an arc having a large radius. 

[0066] If the guide 22 is made of a material, eg polytet 
ra?uoroethylene, having a characteristic of expanding and 
contracting depending on temperature or the type of refrig 
erant, When the solenoid is energiZed to cause the ?rst 
plunger 21 and the second plunger 32 to attract each other, 
the guide 22 sometimes causes the ?rst plunger 21 to be 
inclined and then bring the same into contact With the 
diaphragm 26. In this case, the end face of the ?rst plunger 
21 opposed to the diaphragm 26 is brought into abutment the 
diaphragm via its tapered portion, and therefore it is possible 
to cause the valve element 16 to promptly close the valve 
section. This prevents occurrence of a tWo-step operation 
occurring in the case of the end face of the ?rst plunger 21 
opposed to the diaphragm being ?at, ie a tWo-step opera 
tion in Which a peripheral portion of the ?at end face of the 
?rst plunger 21 is brought into contact With the diaphragm 
26 by the attractive force, and then the ?at end face of the 
?rst plunger 21 is brought into contact With the diaphragm 
26. This makes it possible to promptly close the valve 
element 16, and close the valve element 16 With accuracy 
since the phenomenon of the ?rst plunger 21 being stopped 
at a ?rst step of the tWo-step operation does not occur. 

[0067] It should be noted that this control valve for a 
variable displacement compressor has the same construction 
as that of the control valve for a variable displacement 
compressor, according to the ?fth embodiment shoWn in 
FIG. 7, except that the end face of the ?rst plunger 21 
opposed to the diaphragm 26 has a tapered shape, and the 
?rst plunger 21 is supported by the tWo guides 22, and 
therefore, description of the operation thereof is omitted. 
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[0068] FIG. 11 is a central longitudinal cross-sectional 
vieW shoWing the construction of a control valve for a 
variable displacement compressor, according to a ninth 
embodiment of the present invention. In FIG. 11, compo 
nent elements identical or equivalent to those shoWn in FIG. 
10 are designated by the same reference numerals, and 
detailed description thereof is omitted. 

[0069] The control valve for a variable displacement com 
pressor, according to the ninth embodiment is distinguished 
from the control valve for a variable displacement compres 
sor, according to the eighth embodiment shoWn in FIG. 10 
in that a belloWs is used for the pressure-sensing member for 
sensing the suction pressure Ps. 

[0070] That is, the belloWs 52 is disposed betWeen the ?rst 
plunger 21 and the second plunger 32. The belloWs 52 has 
its ?ange portion radially extending from an upper end face 
thereof as vieWed in the ?gure, sandWiched betWeen the 
holloW cylindrical member 20 and the casing 27 of the 
solenoid, and sealed by the gasket 28. The loWer end face of 
the belloWs 52 as vieWed in the ?gure is closed, and in 
contact With the second plunger 32. The ?rst plunger 21 has 
a columnar member 53 formed integrally thereWith at a 
loWer portion thereof as vieWed in the ?gure, and the 
columnar member 53 is positioned in a holloW space of the 
belloWs 52. When the solenoid is not energiZed, and the ?rst 
plunger 21 is urged by the spring 24 in the upWard direction 
as vieWed in the ?gure, the columnar member 53 of the ?rst 
plunger 21 is spaced from the belloWs 52. 

[0071] It should be noted that this control valve for a 
variable displacement compressor has the same construction 
as that of the control valve for a variable displacement 
compressor, according to the eighth embodiment shoWn in 
FIG. 10, except that the belloWs 52 is used for the pressure 
sensing member. Therefore, the operation of the control 
valve according to the present embodiment is the same as 
that of the control valve according to the eight embodiment, 
and hence description of the operation thereof is omitted. 

[0072] FIG. 12 is a partial enlarged central longitudinal 
cross-sectional vieW for explaining the construction of a 
valve section of a control valve for a variable displacement 
compressor, according to a tenth embodiment of the present 
invention. In FIG. 12, component elements identical or 
equivalent to those shoWn in FIG. 11 are designated by the 
same reference numerals, and detailed description thereof is 
omitted. 

[0073] The control valve for a variable displacement com 
pressor, according to the tenth embodiment is con?gured 
such that even When the suction pressure Ps is in any 
condition, making the receiving pressure unbalanced With 
the discharge pressure Pd received at the valve section, it is 
possible to promptly fully open the valve. 

[0074] That is, in the control valves for a variable dis 
placement compressor shoWn in FIGS. 4, 7 to 11, the ports 
of the valve section are arranged from the solenoid side in 
the order of the respective ones for the suction pressure Ps, 
the discharge pressure Pd, and the pressure Pc for the crank 
chamber, so as to prevent the discharge pressure Pd, Which 
is highest in pressure, from affecting the control of valve 
element 16. This is achieved by making the inner diameter 
A of the valve hole equal to the outer diameter B of the 
pressure-sensing piston 41, Which causes the force of the 








