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(54) Control valve for variable displacement compressor

(57) In a control valve for a variable displacement
compressor a solenoid plunger is divided into a first Pc
plunger 26 and a second plunger 22 with a diaphragm

29 disposed therebetween for sensing the suction pres-

sure Ps. The second plunger 22 is urged by a spring 24 18

away from the diaphragm 29 simply in axial contact with teyd 16

an axially guided shaft 17 that transmits changes of the 12 18
Pd——pp 13

suction pressure Ps as sensed by the diaphragm 29 to
avalve element 16. When an attractive force is generated
by the solenoid to move the second plunger 22, no couple
of forces can acton the shaft 17. The shaft 17 is smoothly
sidable to assure an enhanced control performance of
the control valve.
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Description

[0001] The invention relates to a control valve accord-
ing to the preamble of claim 1, particularly to a displace-
ment control valve for a variable displacement compres-
sor for an automotive air conditioner.

[0002] Variable displacement compressors are em-
ployed in automotive air conditioners so as to obtain an
adequate refrigerating capacity without being con-
strained by speed variations of the engine which drives
the compressor.

[0003] In known wobble plate variable displacement
compressors, the inclination angle of the wobble plate in
a crankcase can be changed by changing the pressure
in the crankcase, whereby the stroke of pistons driven
by the wobble plate is changed for changing the refrig-
erant discharge amount. The control valve controls the
pressure in the crankcase.

[0004] In general, a displacement control valve oper-
ates to introduce part of refrigerant at discharge pressure
Pd discharged from the discharge chamber into the
crankcase such that pressure Pcin the crankcase is con-
trolled e.g. according to the suction pressure Ps in the
suction chamber. That is, the control valve senses the
suction pressure Ps and controls the refrigerant flow rate
atthe discharge pressure Pd from the discharge chamber
into the crankcase, so as to maintain the suction pressure
Ps at a constant level. The control valve has a Ps pres-
sure-sensing section and a valve section to open and
close a passage between the suction chamber and the
crankcase. To freely externally set the value of the suc-
tion pressure Ps at the start of a variable displacement
operation a solenoid is provided in order to carry out the
settings of the pressure-sensing section by an external
electric current.

[0005] Acontrolvalve foravariable displacement com-
pressor of a so-called clutchless type is known from JP-
2000-110731 A. The driving engine is directly connected
to a shaft without an electromagnetic clutch between the
engine and the shaft of the wobble plate.

[0006] The control valve section controls the flow
through a passage between the discharge chamber and
the crankcase. A solenoid generates, when energizied,
an electromagnetic force causing the valve section to
operate in valve closing direction. The pressure-sensing
section causes the valve section to operate in valve open-
ing direction as the suction pressure Ps drops below the
atmospheric pressure. When the solenoid is not ener-
gized, the valve section is fully open, whereby the pres-
sure Pcin the crankcase is held close to discharge pres-
sure Pd. The wobble plate is adjusted substantially at
right angles to the shaft. The compressor operates at the
minimum displacement. Thus, the refrigerant displace-
ment can be substantially reduced to approximately zero.
Even when the engine is directly connected to the shaft
an electromagnetic clutch can be eliminated. The pres-
sure-sensing section and the valve section are arranged
with the solenoid interposed therebetween. The suction
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pressure Ps is introduced via or through the solenoid to
the pressure-sensing section which compares the suc-
tion pressure Ps and the atmospheric pressure. This ne-
cessitates that the solenoid in its entirety is accommo-
dated within a pressure chamber, and hence, the sole-
noid components need to be designed pressure resist-
ant.

[0007] To eliminate thisinconvenience, a control valve
is proposed in JP Patent Application 2003-289581 which
is configured such that the solenoid plunger is divided
into first and second plungers. The Ps-pressure-sensing
member, such as a diaphragm or a bellows, is interposed
therebetween, whereby the suction pressure Ps is iso-
lated from the atmospheric pressure and from the sole-
noid.

[0008] Further, a control valve with separate first and
second plungers has been proposed in Japanese Patent
Application No. 2004-125532. One of the plungers is pro-
vided in a vacuum container. An opening of the vacuum
container is sealed by a diaphragm, isolating the suction
pressure Ps from the atmospheric pressure and the coil
of the solenoid. FIG. 2 shows this control valve. The con-
trol valve of FIG. 2 receives the discharge pressure Pd
of the compressor to supply the controlled pressure Pc
to the crankcase. The valve section comprises a valve
seat 101, a downstream side valve element 102 and a
spring 103 urging the valve element 102 in valve closing
direction. The valve element 102 is integral with an axially
moveable shaft 104 having an outer diameter equal to
the inner diameter of a valve hole. A solenoid comprises
a core 106 and a first plunger 107, both disposed within
a bottomed sleeve 105, and a second plunger 108 and
a coil 109 both disposed outside the bottomed sleeve
105. A diaphragm 110 is provided between the first and
second plungers 107, 108. The diaphragm 110 seals the
open end of the bottomed sleeve 105. Within the bot-
tomed sleeve 105, the first plunger 107 is fixed to a shaft
111 that extends through the core 106. The shaft 111 is
urged by a spring 112 in a direction of causing the first
plunger 107 to be moved away from the core 106 into
contact with the diaphragm 110.

[0009] The suction pressure Ps from the suction cham-
ber of the compressor is introduced into a space where
the second plunger 108 is disposed. The second plunger
108 is firmly fixed to an end of the shaft 104 remote from
the valve element 102. The second plunger 108 is urged
by a spring 113 having stronger spring force than the
spring 103 away from the diaphragm 110. When the con-
trol valve is not in operation, the valve section is ful-
ly-open. Even if the compressor is directly driven by the
engine, the compressor is operated at the minimum dis-
placement. If control current is supplied to the coil 109
of the solenoid, the first and second plungers 107, 108
become magnetically coupled to each other with the di-
aphragm 110 therebetween so as to behave like one
plunger. At this time, the axial positions of the first and
second plungers 107, 108 determine a certain valve lift
set according to the value of the control current. The di-
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aphragm 110 receives the suction pressure PS, and is
axially displaced accordingly. The diaphragm displace-
ment is transmitted to the valve element 102 via the sec-
ond plunger 108 and the shaft 104. The control valve
introduces refrigerant at pressure Pc into the crankcase
by controlling the flow of refrigerant at discharge pressure
Pd to a flow rate dependent on the value of the control.
The compressor operates at a displacement dependent
on the control current. In this state, if the suction pressure
Ps rises or drops, the diaphragm 110 is displaced down-
ward or upward in FIG. 2 and the valve lift is varied to
adjust the pressure Pc in the crankcase. The displace-
ment is controlled such that suction pressure Ps be-
comes equal to a value set by the solenoid. The shaft is
integral with the valve element and also has the function
of guiding the second plunger. When the second plunger
is axially moved by the solenoid, the second plunger may
become tilted depending on the state of the spring axially
urging the second plunger. The tilt tendency creates a
couple of forces and/or a bending torque which act on
the shaft which is axially guided in the body and which
has to guide the second plunger. This effect markedly
spoils the axial slidability of the shaft in the body so that
the valve element cannot move smoothly.

[0010] Itisanobjectoftheinventionto provide acontrol
valve having enhanced controllability for a variable dis-
placement compressor, i.e. to improve the slidability of
aguided shaft provided for transmitting a motion resulting
from a change of the suction pressure to a valve element.
[0011] This object is achieved by the features of claim
1.

[0012] In the control valve the guided shaft provided
for transmitting a change in suction pressure to the valve
element is set-free from the function of guiding the sec-
ond plunger. Even if the second plunger is tilted when
the second plunger is axially moved by an attractive force
generated by the solenoid, the sliding movement of the
shaft will no longer be detrimentally influenced by the
operational behavior of the second plunger but has the
sole function to transmit the axial force and the axial com-
ponent of the movement of the second plunger to the
valve element. This enhances the controllability of the
control valve and assures a smooth movement of the
valve element in relation to the valve seat without any
parasitary lateral shaft braking forces between the shaft
and the shaft guidance in the body.

[0013] In the drawings are

FIG. 1 a longitudinal section of a control valve for a
variable displacement compressor of the present in-
vention, and

FIG. 2 a section of a conventional control valve.

[0014] The control valve in FIG. 1 has a valve section
including a body 11 with a side port 12 communicating
with a discharge chamber of the variable displacement
compressor for receiving the discharge pressure Pd. A
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strainer 13 is fixed at the side port 12. The port 12 com-
municates via an inner refrigerant passage with a top
port 14 of the body 11. The top port 14 communicates
with the crankcase to deliver the controlled pressure Pc.
[0015] A valve seat 15 is integral with the body 11. On
a pressure Pc side of the valve seat 15, an axially mov-
able valve element 16 is disposed. The valve element 16
is integral with a shaft 17. The shaft 17 extends through
a valve hole of the valve seat 15 and is axially movably
guided in a bore of the body 11. The discharge pressure
Pd is introduced to a small-diameter portion of the shaft
17 between the valve element 16 and a lower part of the
shaft 17. The outer diameter of the lower part of the shaft
17 is equal to the inner diameter of the valve hole of the
valve seat 15 such that the pressure-receiving area of
the valve element 16 is equal to that of the lower part of
the shaft 17. An upward force generated by the discharge
pressure Pd on the valve element 16 is cancelled by a
downward force on the lower part of the shaft 17. This
prevents the control behavior of the valve section being
adversely affected by the value of the discharge pressure
Pd which can be relatively high.

[0016] The valve element 16 is urged by a spring 18
in valve closing direction. The force of the spring 18 is
adjusted by an adjustment screw 19 screwed into the top
port 14. Another side port 20 communicating with a suc-
tion chamber (suction pressure Ps) is formed in a lower
portion of the body 11 as viewed in FIG. 1.

[0017] The lower end of the body 11 is rigidly press-fit-
ted in a body 21 of a magnetic material forming a part of
the solenoid. The body 21 contains a second plunger 22
as one of two divided plungers of the solenoid. The sec-
ond plunger 22 has a central blind hole 10 in an upper
end face. The blind hole 10 has an inner diameter larger
than the outer diameter of the lower part of the shaft 17.
The lower part of the shaft 17, which is axially slidably
guided by the body 11 without almost any clearance, has
a lower end face 8 which is brought into contact with a
bottom 9 of the blind hole 10. The lower end face 8 is
formed to be arcuate in cross-section, i.e. is convexly
rounded versus the e.g. planar bottom 9 of the blind hole
10. Alternatively, the end face 8 could be planar while
the bottom 9is convexly rounded in a central region. Even
both the end face 8 and the bottom 9 could be convexly
rounded in relation to each other.

[0018] This design creates a hinge in the force trans-
mission path between the second plunger 22 and the
axially guided shaft 17 and prevents a couple of forces
from being generated on the shaft 17 by vertical motions
of the second plunger 22 even when the shaft 17 does
not contact the bottom 9 precisely at right angles. The
second plunger 22 has a T-shaped cross-section with a
lower surface of a flange 23 situated opposed to an upper
surface 7 of the body 21. This causes an axial attractive
force to be generated between the opposed surfaces of
the flange 23 and the body 21 thereby assisting the valve
element 16 to promptly move in valve closing direction.
The second plunger 22 is urged upward by a spring 24
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seated on a stepped shoulder inside the body 21. The
spring 24 has a larger spring force than the spring 18
urging the valve element 16 in valve closing direction.
[0019] When the solenoid is de-energized, the second
plunger 22 can push the shaft 17 upward until the shaft
17 is brought into contact with the ceiling of a chamber
communicating with the port 20 to hold the valve element
16 in the fully open position. The spring 24 also centers
a part of the second plunger 22 below the flange 23 such
that the spring 24 tends to guide the second plunger 22
axially.

[0020] The pressure-sensing section and the remain-
ing component parts of the solenoid are arranged below
the second plunger 22. Below the second plunger 22 in
FIG. 1, is disposed an assembly formed by accommo-
dating a first plunger 26 as the other of divided plungers
of the solenoid, a core 27, and a spring 28, in a bottomed
sleeve 25 forming a vacuum container. The opening of
the bottomed sleeve 25 is sealed by a metal diaphragm
29. Outside the bottomed sleeve 25, there are arranged
a coil 30, and a case 31 formed integrally with the body
21, and a handle 32 which constitute a yoke for forming
a magnetic circuit.

[0021] The core 27 is rigidly press-fitted into the bot-
tomed sleeve 25. The first plunger 26 is axially movably
disposed on the upper side of the core 27. The first plung-
er 26 is rigidly press-fitted on one end of a shaft 33 which
axially movably extends through the center of the core
27. The other lower end of the shaft 33 is slidably sup-
ported and guided by a bearing 34 which is slidably dis-
posed in the core 27. A stop ring 35 on an intermediate
portion of the shaft 33 limits the upward movement of a
spring-receiving member 36. The spring 28 is interposed
between the spring-receiving member 36 and the bearing
34. The first plunger 26 is urged by the spring 28 via the
shaft 33 in a direction away from the core 27. It should
be noted that the bottom of the bottomed sleeve 25 is
pushed or stamped to be deformed inward, whereby the
axial position of the bearing 34 is adjusted and fixed to
accordingly adjust the force of the spring 28 and to adjust
the set point of the control valve, e.g. when assembling
the control valve.

[0022] The bottomed sleeve 25 is sealed by welding
the diaphragm 29 to a flange portion formed on the open
end of the bottomed sleeve 25. The inside of the gastight
assembly is maintained under vacuum.

[0023] The body 21, the case 31, and the handle 32
are made of magnetic substances to serve as the yoke
of the magnetic circuit of the solenoid. Magnetic lines of
force generated by the coil 30 pass through the magnetic
circuit formed by the case 31, the body 21, the second
plunger 22, the first plunger 26, the core 27, and the han-
dle 32.

[0024] InFIG. 1the solenoid is de-energized. The suc-
tion pressure Ps is relatively high, i.e. like in the state in
which the air conditioner is not operating. Since the suc-
tion pressure Ps is high, the diaphragm 29 is displaced
downward against the load of the spring 28. The first
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plunger 26 is in contact with the core 27. On the other
hand, the second plunger 22 is urged upward by the
spring 24 such that it is moved away from the diaphragm
29 to urge the valve element 16 via the shaft 17 toward
the fully open position. Even when the variable displace-
ment compressor is directly driven by the engine in the
above state, the compressor is operated at the minimum
displacement.

[0025] When maximum control current is supplied to
the coil 30, as in the case of the start of the automotive
air conditioner, the first plunger 26 remains pressed
downward as in FIG. 1 by the high suction pressure Ps
into contact with the core 27. Even if the first plunger 26
is attracted by the core 27, it remains in this position.
Therefore, in this case, the first plunger 26 and the core
27 behave as if they were a fixed core, so that the first
plunger 26 attracts the second plunger 22 via the dia-
phragm 29 against the urging force of the spring 24 into
contact with the diaphragm 29. The spring 18 pushes the
valve element 16 downward to be seated on the valve
seat 15 and to fully close the valve section. This blocks
the passage between the discharge chamber and the
crankcase, so that the compressor is promptly shifted
into the operation at the maximum displacement.
[0026] Atthistime, the second plunger22is only axially
in contact with the end face 8 of the shaft 17 but is not
constrained thereby, so that even when the second
plunger 22 is aboutto be moved in atilted state depending
on the condition of the spring 24 guiding the second
plunger 22, no couple of forces can act on the shaft 17
and, hence, the axial slidability of the shaft 17 is not
spoiled.

[0027] When the compressor continues to operate at
the maximum displacement to make the suction pressure
Ps low enough, the diaphragm 29 attempts to move up-
ward, in FIG. 1. At this time, if the control current supplied
to the coil 30 is decreased according to the set temper-
ature of the air conditioner, the second and first plungers
22, 26 in an attracted state move upward in unison to
respective positions where the suction pressure Ps, the
forces of the springs 18, 24, and 28, and the attractive
force of the solenoid are balanced. The valve element
16 is pushed upward by the second plunger 22 and
moves away from the valve seat 15, thereby being set
to a predetermined valve lift. Refrigerant at the discharge
pressure Pd is introduced into the crankcase at a flow
rate controlled to a value dependent on the valve lift,
whereby the variable displacement compressor is shifted
to an operation with the displacement corresponding to
the control current.

[0028] When the control current supplied to the coil 30
of the solenoid remains constant, the diaphragm 29 sens-
es the suction pressure Ps as an absolute pressure to
thereby control the valve lift of the valve section. For ex-
ample, when the refrigeration load increases, the suction
pressure Ps becomes high and the first plunger 26 is
displaced downward. The valve element 16 moves down-
ward to decrease the valve lift causing the compressor
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to operate in a direction of increasing the displacement.
When the refrigeration load decreases and the suction
pressure Ps becomes low, the first plunger 26 is dis-
placed upward to increase the valve lift causing the com-
pressor to operate in a direction of decreasing the dis- 5
placement. Thus, the control valve controls the displace-
ment of the compressor such that the suction pressure

Ps becomes equal to a value set by the control current

for the solenoid.

[0029] Theinventionis notlimited to the describedem- 70
bodiment. For example, a section accommodating the
first plunger 26 could be open to the atmospheric pres-
sure to thereby compare the suction pressure Ps and the
atmospheric pressure. Furthermore, instead of the a di-
aphragm 29, a bellows could be provided. 15

Claims

1. Acontrol valve for a variable displacementcompres- 20
sor, the control valve comprising a divided solenoid
plunger consisting of a first plunger (26) and a sec-
ond plunger (22), and a pressure-sensing member
(29) disposed between the first and second plungers
(26, 22), for sensing a suction pressure (Ps), the sec- 256
ond plunger (22) transmitting via a shaft (17), a suc-
tion pressure change sensed by the pressure-sens-
ing member (29) to a valve element (16),
characterized in that
the second plunger (22) is biased by a spring (24) 30
in a direction away from the pressure-sensing mem-
ber (29), into contact with the shaft (17).

2. The control valve according to claim 1, character-
ized in that the second plunger (22) has a central 35
blind hole (10) in a surface opposed to the shaft (17),
the blind hole having an inner diameter larger than
an outer diameter of the shaft (17), and that an end
face (8) of the shaft (17) is in contact with a bottom
(9) of the blind hole(10). 40

3. The control valve according to claim 2, character-
ized in that the end face (8) of the shaft (17) is ar-
cuate in cross section.

45
4. A control valve according to claim 2, characterized
in that at least one of the bottom (9) and the end
face is convexly rounded opposite to the other.
50
55
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