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(57) A capacity control valve includes a valve sec-
tion 1 having a first or Pd-Pc valve 6, 7 and a second or
Pc-Ps valve 10, 11 operating in a manner interlocked
with the operation of the Pd-Pc valve. A spool valve el-
ement 11a is provided on a valve element 11 of the sec-
ond or Pc-Ps valve. In a stroke region where the Pd-Pc
valve is close to the fully-closed position, refrigerant
passes through the clearance between the spool valve
element 11a and the valve hole of the valve seat 10 of
the second or Pc-Ps valve. The second or Pc-Ps valve
has a characteristic such that its opening area does not
change when the valve element 11 moves. This sup-
presses sharp changes in the pressure Pc in the crank-
case, even if the solenoid current is stepwise sharply
changed.
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Description

[0001] The invention relates to a capacity control
valve according to the preamble of claim 1, particularly
for a variable displacement compressor in a refrigera-
tion cycle of an automotive air conditioner.

[0002] In a known compressor (EP 1 279 831 A2),
compression pistons are connected to a wobble plate
tiltably fitted on a shaft driven by the engine. The angle
of the wobble plate is varied to change the stroke of the
pistons for changing the displacement of the compres-
sor. The wobble plate angle is continuously changed by
introducing part of the compressed refrigerant into an
airtight crankcase and changing the pressure Pc in the
crankcase, thereby changing the balance between
pressures applied to the opposite ends of each piston.
The capacity control valve comprises two control valves
disposed in respective refrigerant passages between
the discharge chamber and the crankcase and between
the crankcase and the suction chamber. Both control
valves operate in a manner interlocked with each other.
The capacity control valve controls the discharging ca-
pacity of the compressor such that the differential pres-
sure (Pd - Ps) between the discharge pressure Pd and
the suction pressure Ps of the compressor is held a pre-
determined value. The first control valve ("the Pd-Pc
valve") for high pressure controls the flow rate from the
discharge chamber into the crankcase. The second con-
trol valve ("the Pc-Ps valve") for low pressure controls
the flow rate from the crankcase into the suction cham-
ber in a manner interlocked with the operation of the first
or Pd-Pc valve. A solenoid serves to externally set a pre-
determined differential pressure (Pd - Ps) by a current
value.

[0003] Fig. 7 shows characteristics of the capacity
control valve of EP 1 279 831 A2, Fig. 8 shows charac-
teristics of the variable displacement compressor of EP
1278 983 A2.

[0004] When in Fig. 7 the first or Pd-Pc valve leaves
the closed state in an opening area-increasing direction,
the second or Pc-Ps valve moves from the fully-open
state in an opening area-decreasing direction in a man-
ner interlocked with the operation of the first or Pd-Pc
valve, and vice versa. When the stroke position is
changed by the electric current supplied to the solenoid,
the respective opening areas of both valves are
changed in opposite directions, which increases the
amount of change in the pressure Pc in the crankcase,
and which allows to promptly change the variable dis-
placement of the compressor. The known compressor
suffers from the problem that when the current is step-
wise changed, the pressure Pcin the crankcase is large-
ly changed, which causes a large change in the differ-
ential pressure (Pd - Ps), which is to be controlled, caus-
ing a large overshoot. This means that the torque mo-
mentarily consumed by the compressor is largely
changed only at the moment when the solenoid current
is changed. This causes a large variation of the load on
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the engine. More specifically, when the solenoid current
is stepwise increased (Fig. 8), the Pd-Pc valve rapidly
moves in the valve-closing direction and the Pc-Ps valve
as well rapidly moves in the valve-opening direction. A
too rapid drop in the pressure Pc in the crankcase is
then the result so that the pressure Pc once undergoes
a sharp drop and then changes such that it settles to the
predetermined pressure. The discharging capacity is
excessively increased in response to the sharp drop in
the pressure Pc in the crankcase, resulting in a sharp
increase of the torque consumed by the compressor,
and in an overshoot.

[0005] Itis an object of the invention to provide a ca-
pacity control valve for a variable displacement com-
pressor, which suppresses a overshoot when the differ-
ential pressure between the discharge pressure and the
suction pressure is changed in response to a stepwise
change in the solenoid current.

[0006] This object is achieved by the features of claim
1.

[0007] Since there is a flow rate-restricting means as-
sociated to the second control valve when the solenoid
current is stepwise changed, the flow rate-restricting
means suppresses a resulting sharp change in the pres-
sure in the crankcase such that an excessive rise or ex-
cessive drop in the pressure cannot occur. This prevents
overshooting of the differential pressure between the
discharge pressure and the suction pressure, and re-
duces variations of the torque consumed by the com-
pressor. As a result, it is possible to reduce variation of
the load on the engine that drives the compressor.
[0008] Embodiments of the invention will be de-
scribed with reference to the drawings. In the drawings
is:

Fig. 1  acentrallongitudinal cross-section of a capac-
ity control valve (first embodiment),

Fig. 2 a diagram showing characteristics of the ca-
pacity control valve of Fig. 1,

Fig. 3  adiagram showing characteristics of the vari-
able displacement compressor using the ca-
pacity control valve of Fig. 1,

Fig. 4 a central longitudinal cross-section of a sec-
ond embodiment of the capacity control valve,

Fig. 5 a central longitudinal cross-section of a third
embodiment of the capacity control valve,

Fig. 6 a central longitudinal cross-section of a fourth
embodiment of the capacity control valve,

Fig. 7  adiagram of characteristics of a conventional
capacity control valve, and

Fig. 8 a diagram of characteristics of a variable dis-
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placement compressor using the conventional
capacity control valve of Fig. 7.

[0009] The capacity control valve in Fig. 1 has a valve
section 1 and a solenoid section 2. The valve section 1
includes a body 3 having a top opening receiving an
open plug 4. The plug 4 has an axial hole forming a port
5 for receiving refrigerant at a discharge pressure Pd
from a not shown discharge chamber of a variable dis-
placement compressor, and forming a valve seat 6. Op-
posed to the valve seat 6, a ball valve element 7 is dis-
posed axially movable A space receiving the ball valve
element 7 communicates with the not shown crankcase
of the variable displacement compressor via a port 8
formed in the body 3. The ball valve element 7 and the
valve seat 6 form a Pd-Pc valve (first control valve) that
controls the flow rate of refrigerant at the discharge pres-
sure Pd to fill the crankcase with a pressure Pc.
[0010] The body 3 has a port 9 communicating with a
not shown suction chamber of the variable displacement
compressor. A valve seat 10 is integrally formed with the
body 3 in a passage between the ports 8, 9. A valve
element 11 which also holds the ball valve element 7 of
the Pd-Pc valve is axially disposed opposed to the valve
seat 10. Interposed between the valve element 11 and
the plug 4 is a spring 12 urging the ball valve element 7
in valve-opening direction and the valve element 11 in
valve-closing direction. The valve element 11 and the
valve seat 10 form a Pc-Ps valve (second control valve)
which controls the flow rate of refrigerant at pressure Pc
in the crankcase to fill the suction chamber with refrig-
erant at suction pressure Ps.

[0011] The capacity control valve in Fig. 1 is charac-
terized in that the second control valve includes a spool
valve structure whose opening area does not change at
least as long as the valve element 7 of the Pd-Pc valve
is open but is not fully open. For this function, a spool
valve element 11 a disposed within a valve hole of the
valve seat 10 of the second or Pc-Ps valve is integrally
formed with the valve element 11 at an end face of the
valve element 11 opposed to the valve seat 10. The sec-
ond or Pc-Ps valve forms a spool valve for which in a
stroke region where the valve element 11 moves axially
to start to open the first or Pd-Pc valve, the dimension
of the opening area of the second or Pc-Ps valve solely
will be defined by a clearance between the spool valve
element 11 a and the valve hole. The dimension of the
clearance first does not change. Only in a stroke region
in which the first or Pd-Pc valve is close to or in the fully-
open position, the dimension of the opening area be-
tween the valve element 11 and the valve seat 10 chang-
es until the second or Pc-Ps valve closes, i.e. the dimen-
sion of the opening area provided by the valve element
11 and the valve seat 10 then will become smaller than
the dimension of the opening area provided by the flow
restricting areas. The clearance which first does not
change its opening area forms flow rate-restricting
means.
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[0012] The body 3 has a strainer 13 on the upper end.
The port 9 is connected with a passage 14 in the body
3 transmitting the suction pressure Ps to the inside of
the solenoid 2. It should be noted that in the valve sec-
tion 1in Fig. 1, the diameter of the valve hole of the valve
seat 10 is larger than that of the valve hole of the valve
seat 6 of the Pd-Pc valve, allowing refrigerant to instant-
ly flow at a large flow rate.

[0013] The solenoid section 2 has a central core 15.
An upper end of the core 15 is screwed into a lower end
of the body 3. A yoke 16 encloses the core 15. An upper
end of the yolk 16 is screwed onto the body 3. A sleeve
17 is disposed in the yoke 16. A hollow cylindrical holder
18 is provided on the lower ends of the yoke 16 and of
the sleeve 17. The holder 18 receives an adjustment
screw 19.

[0014] The core 15 has a central through hole receiv-
ing a shaft 20. The shaft 20 has one end supported in a
through hole formed in the body 3, and another end sup-
ported in a recess in the adjustment screw 19. The shaft
20 has a shaft 21 integrally formed at the one end. The
shaft 21 is reduced in diameter and is inserted into the
valve element 11 for centering both the valve element
11 and the ball valve element 7. The shaft 20 has the
same diameter as the valve hole of the valve seat 6 of
the Pd-Pc valve. A pressure-receiving area of the ball
valve element 7 where the discharge pressure Pd is re-
ceived and a pressure-receiving area of the lower end
of the shaft 20 where the suction pressure Ps introduced
into the solenoid section 2 via the passage 14 is re-
ceived are equal.

[0015] The solenoid section 2 further includes a
plunger 22 fixed to the shaft 20 at a location between
the core 15 and the adjustment screw 19. A spring 23
is disposed between the core 15 and the plunger 22.
Another spring 24 is disposed between the plunger 22
and the adjustment screw 19. A coil 25 is disposed be-
tween the sleeve 17 and the yoke 16. The coil 25 is elec-
trically connected to a harness 27 extending out of the
solenoid section 2 via a waterproof coupler 26.

[0016] When no current is supplied to the coil 25 (e.
g. when the automotive air conditioner is not in opera-
tion, or when the refrigerating load is the minimum), the
plunger 22 is urged by the spring 23 away from the core
15, and the ball valve element 7 and the valve element
11 are urged by the spring 12 in a direction toward the
solenoid section 2. The first or Pd-Pc valve for high pres-
sure is in the fully-open position. The second or Pc-Ps
valve for low pressure is in the fully-closed position. In-
troduced discharge pressure Pd is introduced into the
crankcase via the first or Pd-Pc valve. Since the refrig-
erant passage between the crankcase and the suction
chamber is closed by the second or Pc-Ps valve, the
pressure Pcin the crankcase becomes closer to the dis-
charge pressure Pd, minimizing the differential pressure
between the pressures applied to the opposite end fac-
es of the pistons of the compressor. This brings the wob-
ble plate to an inclination angle which minimizes the
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stroke of the pistons. The compressor is controlled to
the minimum displacement operation.

[0017] When no current is supplied to the coil 25 in-
creases, the plunger 22 is attracted by the core 15 to
move upward, and the shaft 20 fixed to the plunger 22
moves as well. As shown in Fig. 2, the opening area of
the first or Pd-Pc valve decreases from a maximum as
the ball valve element 7 moves toward the valve seat 6.
The opening area of the second or Pc-Ps valve increas-
es from zero as the valve element 11 moves away from
the valve seat 10. Accordingly, the pressure Pc in the
crankcase progressively decreases, so that the variable
displacement compressor is controlled to operation with
a displacement dependent on the value of the solenoid
current.

[0018] When the solenoid current continues to be in-
creased, the opening area of the first or Pd-Pc valve
continues to decrease but the increase of the opening
area of the second or Pc-Ps valve stops at a time point
when the opening area between the valve element 11
and the valve seat 10 becomes larger than the opening
area defined by the dimension of the clearance between
the spool valve element 11a and the valve hole of the
valve seat 10 of the second or Pc-Ps valve. Even if the
solenoid current then increases further the Pc-Ps valve
will show a flat characteristic such that the opening area
does not change relative to the travel or stroke amount
of the valve element 11 since the opening area remains
restricted by the dimension of the clearance between
the spool valve element 11a and the valve hole of the
valve seat 10.

[0019] When the capacity control valve is controlled
in this fashion by a predetermined solenoid current, the
Pd-Pc valve and the Pc-Ps valve are controlled to re-
spective stroke positions dependent on the value of the
solenoid current. When the differential pressure be-
tween the discharge pressure Pd received by the ball
valve element 7 and the suction pressure Ps received
by the shaft 20 varies due to a change of the rotational
speed of the engine and of the compressor, the capacity
control valve accordingly will change the travel or stroke
amounts of the valve elements 7, 11 of the Pd-Pc valve
and the Pc-Ps valve to vary the displacement of the
compressor. This provides a control such that the differ-
ential pressure Pd-Ps is held at a predetermined value
as determined by the solenoid current.

[0020] As the Pc-Ps valve has the flat characteristic
such that the opening area does not change in a region
where the opening area of the Pd-Pc valve is small, and
when the solenoid current is changed stepwise, the
pressure Pc in the crankcase does not largely change
relative to the change in the solenoid current, as shown
in Fig. 3. If the solenoid current is increased, e.g. step-
wise, in a region where the opening area of the Pc-Ps
valve changes, the ratio of change of the opening area
in opening direction of the Pc-Ps valve with respect to
the stroke amount is larger than that of the change of
the opening area in closing direction of the Pd-Pc valve
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with respect to the same stroke amount. The pressure
Pc in the crankcase may tend to sharply decrease, but
the range of this change is restricted by the flat charac-
teristic of the Pc-Ps valve so that overshooting of the
pressure Pc in the crankcase is prevented. As a result,
overshooting of the differential pressure (Pd - Ps) be-
tween the discharge pressure Pd and the suction pres-
sure Ps does not occur, either, which reduces variation
in torque consumed by the compressor and hence re-
duces variation in load on the engine.

[0021] Similarly, if the solenoid current is increased,
e.g. stepwise, in a region where the opening area of the
Pc-Ps valve does not change due to the spool valve
body 11a, the Pc-Ps valve opening area does not
change relative to a stroke amount even though the Pd-
Pc valve undergoes a change of opening area in the
valve-closing direction relative to the same stroke
amount. This reduces the range of variation of the pres-
sure Pc in the crankcase. Therefore, the pressure Pcin
the crankcase, the differential pressure (Pd - Ps), and
the torque consumed by the compressor are reduced,
consequently, this reduces the variations of the load on
the engine. Of course, even when the solenoid current
is stepwise decreased, an overshooting will be sup-
pressed in the same manner.

[0022] The capacity control valve of Fig. 4 attains the
same flat characteristic by an orifice 28 as the flow rate-
restricting means whose opening area does not change.
[0023] In Fig. 4 the second or Pc-Ps valve has on the
valve element 11 a surface with a tapered shape op-
posed to the valve seat 10. The orifice 28 is provided
between the downstream side of the valve element 11,
and the port 9 and the passage 14. The orifice 28 is dis-
posed in series with the second or Pc-Ps valve. When
the opening area of the Pc-Ps valve becomes larger be-
tween the valve element 11 and the valve seat 10 than
the opening area of the orifice 28 because the valve el-
ement 11 travels further in opening direction, the open-
ing area of the second or Pc-Ps valve will remain limited
by the orifice 28 whose opening area does not change.
The capacity control valve of Fig. 4 has the same char-
acteristics as shown in Fig. 2.

[0024] Compared with the capacity control valve of
Fig. 1 the capacity control valve in Fig. 5 is configured
such that the operation of the second or Pc-Ps valve is
not adversely affected by the pressure Pc in the crank-
case.

[0025] The capacity control valve in Fig. 5 is provided
with a passage 14' which connects a space 11b between
the Pd-Pc valve and the Pc-Ps valve, with the inside 2a
of the solenoid section 2. The pressure Pc is transmitted
to the inside 2a of the solenoid section 2. The valve el-
ement 11 receives the pressure Pc in the space 11b in
valve-closing direction, and also receives the pressure
Pc from the solenoid section 2 via the shaft 20 in valve-
opening direction. Therefore, the influence of the pres-
sure Pcon the valve element 11 is cancelled. Even when
the pressure Pc in the crankcase changes, the change
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does not adversely affect the operation of the second or
Pc-Ps valve.

[0026] The pressure received by the valve element 11
in valve-opening direction is the sum of the pressure Pc
in the crankcase received from the solenoid section 2
and the suction pressure Ps. At this time, the area where
the pressure Pc is received is equal to the cross-sec-
tional area of the shaft 20, and the area where the suc-
tion pressure Ps is received is equal to an area obtained
by subtracting the cross-sectional area of the shaft 20
from the opening area of the valve hole of the valve seat
10 of the Pc-Ps valve, and is equal to the area where
the discharge pressure Pd is received by the first or Pd-
Pc valve, i.e. the opening area of the valve hole of the
valve set 6 of the first or Pd-Pc valve.

[0027] The capacity control valve of Fig. 5 also has
the valve characteristic shown in Fig. 2.

[0028] Compared with the capacity control valve of
Fig. 4, the capacity control valve of Fig. 6 is configured
such that the operation of the second or Pc-Ps valve is
not adversely affected by the pressure Pc in the crank-
case.

[0029] The capacity control valve in Fig. 6 is provided
with the passage 14' which connects the space 11b be-
tween the Pd-Pc valve and the Pc-Ps with the inside 20
of the solenoid section 2, similar to the capacity control
valve according to Fig. 5. The pressure Pc is transmitted
to the inside 2a of the solenoid section 2. The influence
of the pressure Pc received by the valve element 11 in
opposite directions is cancelled.

Claims

1. A capacity control valve for a variable displacement
compressor, for controlling pressure (Pc) in a crank-
case to vary a discharging capacity such that a pre-
determined value of a differential pressure (Pd-Ps)
between a pressure (Ps) in a suction chamber and
pressure (Pd) in a discharge chamber is held, com-
prising:

a first control valve consisting of an axially
moveable valve element (7) and of a stationary
valve seat (6) for controlling the flow rate of re-
frigerant flowing from the discharge chamber
into the crank case;

a second control valve consisting of an axially
moveable valve element (11) and of a station-
ary valve seat (10) for controlling the flow rate
of refrigerant flowing out of the crankcase into
the suction chamber, in a manner interlocked
with the operation of the valve element (7) of
the first control valve; and

a solenoid section (2) for applying a solenoid
force corresponding to the predetermined dif-
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ferential pressure to the valve elements (7, 11)
of the first and second control valves,

characterized in that a flow rate-restricting means
(11a, 28) is associated to the second control valve,
and that the flow rate-restricting means is operable
to provide an opening area the dimension of which
remains at least essentially constant for a predeter-
mined amount of the valve element stroke of the first
and/or the second control valve.

Capacity control valve as in claim 1,
characterized in that

the dimension of the opening area of the flow rate-
restricting means (11a, 28) remains at least essen-
tially constant for a predetermined amount of the el-
ement opening stroke of the valve element (7) of
the first control valve.

The capacity control valve as in claim 1,
characterized in that

the dimension of the opening area provided by the
flow rate-restricting means (11a, 28) remains at
least essentially constant and regulates the flow
rate of refrigerant flowing out of the crank case into
the suction chamber when the dimension of the
opening area formed between the valve element
(11) and the valve seat (10) of the second control
valve exceeds the dimension of the opening area
provided by the flow rate-restricting means.

Capacity control valve as in claim 1,
characterized in that

the flow rate-restricting means (11a) comprises a
spool valve element provided on the valve element
(11) of the second control valve to form a clearance
of a predetermined dimension between the spool
valve element (11a) and a valve hole of the valve
seat (10) such that the dimension of the opening
area of the clearance does not change.

Capacity control valve as in claim 1,
characterized in that

the flow rate-restricting means (28) is an orifice pro-
vided on a downstream side of the second control
valve between the valve seat (10) and a port (9)
connected to the suction chamber.

Capacity control valve as in at least one of the pre-
ceding claims,

characterized by

a passage (14') communicating between a space
(11b) connected to the crank case and an inside
(2a) of the solenoid section (2), such that the sec-
ond control valve causes the pressure from the
crank case introduced via the passage (14') into the
solenoid section (2) to be received by the valve el-
ement (11) of the second control valve in valve
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opening direction to cancel out the pressure in the
crank case received by the valve element (11) in the
space (11b) in valve closing direction.

Capacity control valve as in claim 6,
characterized in that

a pressure receiving area of the valve element (11)
of the second control valve obtained by subtracting
an area where the pressure in the crank case is re-
ceived via the solenoid section (2) from an opening
area of a valve hole of the valve seat (10) of the
second control valve is set equal to an opening area
of avalve hole of the valve seat (6) of the first control
valve.
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