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(54) Displacement control structure of variable displacement type compressor

(57) A variable displacement compressor includes a
bleed passage (31) for connecting a crank chamber (15)
to a suction chamber (24) and a supply passage (32) for
connecting the crank chamber (15) to a discharge
chamber (25). The supply passage (32) includes a fixed
restriction (33). A buffer chamber (34) is located in the
supply passage (32) between the fixed restriction (33)
and the crank chamber (15). A first valve element (44)
selectively opens and closes the supply passage (32)
between the buffer chamber (34) and the crank cham-
ber (15). A solenoid (42) actuates the first valve element
(44) in response to a current. A second valve element
(48) opens and closes the bleed passage (31). When
the first valve element (44) closes the supply passage
(32), the second valve element (48) opens the bleed
passage (31). When the first valve element (44) is open,
the second valve element (48) operates in accordance
with the difference between the pressure in the crank
chamber (15) and the pressure in the suction chamber.
In this compressor, the displacement can be changed
rapidly, the efficiency of the compressor is relatively
high, and the pressure in the crank chamber (15) is lim-
ited.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a structure
for controlling the displacement of a variable displace-
ment type compressor.
[0002] Figure 8 shows a known variable displace-
ment type compressor. In this type of compressor, a
housing 101 defines a crank chamber 102 and supports
a drive shaft 103. The drive shaft 103 is driven by an
engine of the vehicle. A swash plate 104 is supported
within the crank chamber 102 so that the swash plate
104 can be tilted and rotated together with the drive
shaft 103. A regulating ring 105 is attached to the drive
shaft 103 to limit the minimum inclination of the swash
plate 104. A spring 106 urges the drive shaft 103 in one
axial direction to prevent axial play in the drive shaft
103.
[0003] The housing 101 includes a plurality of cylin-
der bores 107, a suction chamber 108 and a discharge
chamber 109. A piston 110 is located within each cylin-
der bore 107. Each piston 110 is coupled to the swash
plate 104. A valve plate 111 partitions the cylinder bore
107 from the suction chamber 108 and the discharge
chamber 109. The suction chamber 108 and the dis-
charge chamber 109 are connected through an external
refrigerant circuit.
[0004] The rotational movement of the drive shaft
103 is converted into a reciprocal motion of each piston
110 by the swash plate 104. Each piston 110 draws
refrigerant gas in the suction chamber 108 into the cyl-
inder bore 107 through a suction port 111a and a suc-
tion valve 111b of the valve plate 111. Each piston 110
compresses gas within the cylinder bore 107 and dis-
charges gas into the discharge chamber 109 through a
discharge port 111c and a discharge valve 111d of the
valve plate 111.
[0005] A displacement control structure as shown
diagrammatically in Figure 6, is employed to control the
displacement of the compressor of Fig. 8. In this struc-
ture, the crank chamber 102 and the suction chamber
108 are connected with each other through a bleed pas-
sage 112. Also, the discharge chamber 109 and the
crank chamber 102 are connected with each other
through a supply passage 113. An inlet control valve
114 is formed by a solenoid valve. The inlet control
valve 114 selectively opens or closes the supply pas-
sage 113 in accordance with an electric signal supplied
from an outside controller. A restriction 115 is provided
midway in the bleed passage 112.
[0006] When the cooling load is large, the inlet con-
trol valve 114 closes the supply passage 113, so that
the high pressure gas is prevented from flowing from the
discharge chamber 109 to the crank chamber 102.
Since gas can always flow from the crank chamber 102
to the suction chamber 108 through the bleed passage
112, the pressure in the crank chamber 102 decreases.

As a result, the swash plate 104 moves to the maximum
angle of inclination, and the displacement is maximized.

[0007] When cooling load is small, the inlet control
valve 114 opens the supply passage 113, and high
pressure gas is supplied from the discharge chamber
109 to the crank chamber 102. Since the flow rate of
gas from the crank chamber 102 to the suction chamber
108 through the bleed passage 112, which has the
restriction 115, is relatively small, if the supply passage
113 is opened, the pressure of the crank chamber 102
is increased. As a result, the swash plate 104 moves to
the minimum angle of inclination, and the displacement
is minimized.
[0008] The crank chamber 102 and the suction
chamber 108 are always connected through the bleed
passage 112. Accordingly, if the inlet control valve 114
opens the supply passage 113, high pressure gas from
the discharge chamber 109 continuously flows into the
suction chamber 108 through the crank chamber 102.
Thus, some of the compressed gas is needlessly
pumped into the suction chamber 108. Thus, the effi-
ciency of the compressor is reduced.
[0009] To eliminate this problem, it has been pro-
posed that the restriction 115 be made to have small
opening so that the amount of gas discharged from the
crank chamber 102 to the suction chamber 108 is very
small. According to this proposal, however, when the
inlet control valve 114 is opened, the pressure of the
crank chamber 102 is abruptly increased and becomes
too high. The result is that the swash plate 104 abruptly
moves toward the minimum angle of inclination and
sharply collides with the regulating ring 105. This colli-
sion causes a noise. Further, the impact of swash plate
104 pushes the drive shaft 103 in the rearward axial
direction (to the right in Fig. 8). As a result, the drive
shaft 103 moves against the force of the spring 106. The
movement of the drive shaft 103 causes various prob-
lems such as the collision of the pistons 110 with the
valve plate 111.
[0010] According to another structure for displace-
ment control, which is illustrated in Figure 7, the restric-
tion 115 provided on the bleed passage 112 shown in
Figure 6 is replaced with a solenoid driven outlet control
valve 116. When the inlet control valve 114 opens the
supply passage 113, the outlet control valve 116 closes
the bleed passage 112, and when the inlet control valve
114 closes the supply passage 113, the outlet control
valve 116 opens the bleed passage 112. However, if the
pressure in the crank chamber 102 reaches a predeter-
mined level when the inlet control valve 114 is open and
the outlet control valve 116 is closed, the bleed passage
112 is opened by the outlet control valve 116. The pres-
sure of the crank chamber 102 is thus limited.
[0011] According to the structure shown in Figure 7,
when the inlet control valve 114 opens the supply pas-
sage 113, the bleed passage 112 is closed by the outlet
control valve 116. Therefore, gas is not needlessly
pumped into the suction chamber 108 from the dis-
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charge chamber 109 through the crank chamber 102.
Thus, the efficiency of the compressor of Figure 7 is
higher than that of the compressor of Figure 6. Moreo-
ver, when the displacement is changed, one of the sup-
ply passage 113 and the bleed passage 112 is opened
and the other is closed. This enables the pressure of the
crank chamber 102 to be changed rapidly. Therefore,
the compressor of Figure 7 responds more quickly to
signals to change the displacement.

[0012] However, in the compressor of Figure 7, the
outlet control valve 116 is opened regardless of the
position of the inlet control valve 114 to prevent the
pressure of the crank chamber 102 from becoming too
high. Accordingly, each of the outlet control valve 116
and the inlet control valve 114 requires independent
external control. This imposes a heavy duty on the com-
puter that controls the valves 114 and 116. Further-
more, each of the valves 114, 116 must be provided
with a wire from the computer. This complicates the wir-
ing, the assembly and the installation and thus
increases the overall costs.
[0013] When the compressor is operated at the
minimum displacement, the inlet control valve 114
opens the supply passage 113, and gas from the dis-
charge chamber 109 is continuously supplied to the
crank chamber 102. Therefore, even if the pressure in
the crank chamber 102 is temporarily reduced by open-
ing the outlet control valve 116, the pressure of the
crank chamber will again increase to an excessive level
when the outlet control valve 116 is closed. Conse-
quently, the outlet control valve 116 is repetitively
opened and closed, and gas from the discharge cham-
ber 109 is intermittently allowed to flow to the suction
chamber 108 through the crank chamber 102. For this
reason, the efficiency of the compressor of Figure 7 is
only marginally better than that of the compressor of
Figure 6.

SUMMARY OF THE INVENTION

[0014] It is an object of the present invention to pro-
vide a displacement control structure for a variable dis-
placement type compressor that is relatively simple, has
a rapid response to displacement changes, limits the
crank pressure, and has an improved efficiency.
[0015] To achieve the above object, a variable dis-
placement compressor according to the present inven-
tion comprises: a crank chamber, the pressure of which
is a crank pressure, wherein the displacement of the
compressor is varied in accordance with the crank pres-
sure; a suction pressure zone, the pressure of which is
a suction pressure; a discharge pressure zone, the
pressure of which is a discharge pressure; a bleed pas-
sage for connecting the crank chamber to the suction
pressure zone; a supply passage for connecting the
crank chamber to the discharge pressure zone, wherein
the supply passage includes a fixed restriction; a buffer
chamber located in the supply passage between the

fixed restriction and the crank chamber; a first valve ele-
ment for selectively opening and closing the supply pas-
sage between the buffer chamber and the crank
chamber; an actuator for actuating the first valve ele-
ment in response to an external command; a second
valve element for selectively opening and closing the
bleed passage, wherein the crank pressure and the
suction pressure are applied to the second valve ele-
ment; and a transmission member for transmitting
movement of the first valve element to the second valve
element, wherein the transmission member causes the
second valve element to open the bleed passage when
the first valve element closes the supply passage, and
wherein the second valve element moves in accordance
with the difference between the crank pressure and the
suction pressure when the first valve element opens the
supply passage.

[0016] Other aspects and advantages of the inven-
tion will become apparent from the following descrip-
tion, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The invention, together with objects and
advantages thereof, may best be understood by refer-
ence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

Figure 1 is a cross-sectional view of a variable dis-
placement type compressor according to one
embodiment of the present invention;

Figure 2 is a cross-sectional view showing one
position of a displacement control valve provided in
the compressor shown in Figure 1;

Figure 3 is a cross-sectional view showing another
position of the displacement control valve shown in
Figure 2;

Figure 4 is a cross-sectional view showing another
position of the displacement control valve shown in
Figure 2;

Figure 5 is a diagram schematically showing a dis-
placement control structure of the compressor
shown in Figure 1;

Figure 6 is a diagram schematically showing a con-
ventional displacement control structure;

Figure 7 is a diagram schematically showing
another conventional displacement control struc-
ture; and
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Figure 8 is a cross-sectional view of a general vari-
able displacement type compressor.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] One embodiment of the present invention
will be described with reference to Figs 1-5.
[0019] First, the variable displacement type com-
pressor of Figure 1 will be described. As shown in Fig-
ure 1, a front housing member 11 is coupled to the front
end of a cylinder block 12. A rear housing member 13 is
coupled to the rear end of the cylinder block 12 through
a valve plate 14. A crank chamber 15 is defined
between the front housing member 11 and the cylinder
block 12.
[0020] A drive shaft 16 is supported by the front
housing 11 and the cylinder block 12 so that the drive
shaft 16 passes through the crank chamber 15. The
drive shaft 16 is coupled to an external power source,
which in this embodiment is a vehicle engine Eg, by way
of a clutch mechanism C such as an electromagnetic
clutch.
[0021] A rotating support 17 is fixed on the drive
shaft 16 within the crank chamber 15. A swash plate 18,
or drive plate, is supported to slide along the surface of
the drive shaft 16 and to incline with respect to the axis
L of the drive shaft 16. A hinge mechanism 19 is pro-
vided between the rotating support 17 and the swash
plate 18. The swash plate 18 is coupled to the rotating
support 17 through the hinge mechanism 19. The hinge
mechanism 19 rotates the swash plate 18 integrally with
the drive shaft 16. The hinge mechanism 19 also guides
the sliding movement and tilting movement of the swash
plate 18 relative to the drive shaft 16. The angle of incli-
nation of the swash plate 18 increases as the swash
plate 18 approaches the rotating support 17, and the
angle of inclination decreases as the swash plate 18
approaches the cylinder block 12.
[0022] A limit ring 20 is attached to the drive shaft
16 between the swash plate 18 and the cylinder block
12. When the swash plate 18 abuts against the limit ring
20, the swash plate 18 is minimally inclined. Also, when
the swash plate 18 abuts against the rotating support
17, the swash plate 18 is maximally inclined.
[0023] A plurality of cylinder bores 21 (only one is
illustrated in Figure 1) are formed in the cylinder block
12. A single-headed piston 22 is accommodated within
each cylinder bore 21. Each piston 22 is coupled to the
periphery of the swash plate 18 with a pair of shoes 23.
The swash plate 18 converts the rotational motion of the
drive shaft 16 into a reciprocating motion of the pistons.
[0024] A support spring 30, which is a helical spring
in this embodiment, urges the drive shaft 16 axially
toward the front housing member 11, which prevents
axial play in the drive shaft.
[0025] A suction chamber 24, the pressure of which
is referred to as the suction pressure, and a discharge

chamber 25, the pressure of which is referred to as the
discharge pressure, are formed independently in the
rear housing 13. The suction chamber 24 and the dis-
charge chamber 25 are connected with each other
through an external refrigerant circuit. A suction port 26,
a suction valve 27, a discharge port 28 and a discharge
valve 29 are formed in the valve plate 14 for each cylin-
der bore 21. Each piston 22 draws gas in the suction
chamber 24 to the corresponding cylinder bore 21
through the corresponding suction port 26 and suction
valve 27. Also, each piston 22 compresses gas in the
corresponding cylinder bore 21 to a predetermined
pressure level and then discharges the gas to the dis-
charge chamber 25 through the corresponding dis-
charge port 28 and discharge valve 29.

[0026] The displacement control structure provided
in the above-described compressor will now be
described. As shown in Figures 1 and 5, a bleed pas-
sage 31 connects the crank chamber 15 and the suction
chamber 24. A supply passage 32 connects the dis-
charge chamber 25 and the crank chamber 15. A fixed
restriction 33 is provided in the supply passage 32. The
fixed restriction 33 is formed by reducing the diameter of
the supply passage 32 at one location.
[0027] A solenoid driven displacement control valve
35 is attached to the rear housing member 13 so that
the displacement control valve 35 regulates the bleed
passage 31 and the supply passage 32. The bleed pas-
sage 31 and the supply passage 32 share a common
passage 60, which is located between the control valve
35 and the crank chamber 15. In other words, the com-
mon passage 60 forms an upstream portion of the bleed
passage 31 and a downstream portion of the supply
passage 32.
[0028] A buffer chamber 34 is formed in the supply
passage 32 between the fixed restriction 33 and the
control valve 35. The buffer chamber 34 is connected
with the discharge chamber 25 through the fixed restric-
tion 33. The buffer chamber 34 has a volume equal to or
smaller than the volume of the crank chamber 15.
[0029] The displacement control valve 35 selec-
tively opens or closes the bleed passage 31 based on
an electric command supplied from an external control-
ler. Further, the displacement control valve 35 selec-
tively opens or closes the supply passage 32 between
the buffer chamber 34 and the crank chamber 15.
[0030] As shown in Figures 2 to 4, the displacement
control valve 35 includes a valve housing 41 and a sole-
noid 42 coupled to each other. A first valve chamber 43
is defined at the lower end of the valve housing 41. A
first valve element 44 is located in the first valve cham-
ber 43 so that the first valve element 44 can be moved
axially. A first valve opening 45 extends axially in the
valve housing. The first valve opening 45 is connected
to the first valve chamber 43. A first spring 46 is accom-
modated in the first valve chamber 43. The first spring
46 urges the first valve element 44 in a direction to open
the first valve opening 45, that is, away from the first
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valve opening 45. The first valve chamber 43 is con-
nected to the discharge chamber 25 through an
upstream part of the supply passage 32.

[0031] A second valve chamber 47 is defined at the
upper end of the valve housing 41. A second valve ele-
ment 48 is located in the second valve chamber 47 so
that the second valve element 48 can move axially. The
second valve opening 49 is formed in the valve housing
41 to extend axially. The second valve opening 49 is
connected to the second valve chamber 47. A second
spring 58 is accommodated in the second valve cham-
ber 47. The second spring 58 urges the second valve
element 48 to close the second valve opening 49. The
second valve chamber 47 is connected with the suction
chamber 24 through the downstream side of the bleed
passage 31.
[0032] The solenoid 42, or electromagnetic actua-
tor, has a plunger chamber 50. A fixed core 51 is located
between the plunger chamber 50 and the first valve
chamber 43. A plunger 52 is located in the plunger
chamber 50 and can reciprocate. A cylindrical coil 53 is
provided to surround the fixed core 51 and the plunger
52.
[0033] A first guide opening 54 is formed in the fixed
core 51. The first guide opening connects the plunger
chamber 50 with the first valve chamber 43. A first rod
55 is fitted into the first guide opening 54 and is movable
in the first guide opening 54. As shown in Fig. 2, an
annular clearance exists between the first rod 55 and
the wall of the first guide opening 54. The lower end of
the first rod 55 is fixed to the plunger 52. The upper end
of the first rod 55 is fixed to the first valve element 44.
Thus, the plunger 52 and the first valve element 44 are
locked to each other through the first rod 55.
[0034] The first valve opening 45 and the second
valve opening 49 are coaxial and are connected with
each other to form a single second guide opening 56. A
transmission member, or a second rod 57 occupies the
second guide opening 56. The outer diameter of the
second rod 57 is smaller than the inner diameter of the
second guide opening 56 as shown. The lower end of
the second rod 57 is fixed to the first valve element 44.
The upper end of the second rod 57 is not fixed to the
second valve element 48, however, the second spring
58 urges the second valve element 48 to abut against
the upper end of the second rod 57. Thus, the first valve
element 44 and the second valve element 48 are cou-
pled with each other through the second rod 57.
[0035] A port 59 is formed in the valve housing 41.
The port 59 communicates with the second guide open-
ing 56 and is perpendicular to the second guide opening
56. The port 59 communicates with the crank chamber
15 through the common passage 60. The first valve
chamber 43, the first valve opening 45 and the port 59
form part of supply passage 32. The second valve
chamber 47, the second valve opening 49 and the port
59 form part of the bleed passage 31.
[0036] As shown in Figure 1, a cabin temperature

setting device 61 for setting a target temperature in the
passenger compartment of the vehicle, a cabin temper-
ature sensor 62 for detecting the temperature of the
passenger compartment, a drive circuit 63 for energiz-
ing the coil 53 of the displacement control valve 35 and
the clutch mechanism C are connected to a controller X.
The controller X includes a computer.

[0037] If the temperature detected by the cabin
temperature sensor 62 becomes equal to or greater
than the target temperature set by the cabin tempera-
ture setting device 61 when the engine Eg is driven and
an air conditioning actuating switch (not shown) is
turned on, then the controller X connects the engine Eg
with the compressor by engaging the clutch mechanism
C, which drives the compressor.
[0038] The controller X supplies signals to the drive
circuit 63 instructing the drive circuit 63 to supply or stop
electric current to the coil 53, in accordance with various
information, which includes the set temperature of the
cabin temperature setting device 61 and the tempera-
ture detected by the cabin temperature sensor 62.
[0039] If the compressor is operating at minimum
displacement and the cooling load increases, then the
difference between the temperature detected by the
cabin temperature sensor 62 and the temperature set
by the cabin temperature setter 61 will become large.
Consequently, the controller X supplies to the drive cir-
cuit 63 with a command supply current to the coil 53.
When the coil 53 is supplied with current from the drive
circuit 63, an electromagnetic attraction is produced
between the fixed core 51 and the plunger 52, which
moves the plunger 52 toward the fixed core 51. Conse-
quently, as shown in Figure 2, the first rod 55, the first
valve element 44, the second rod 57 and the second
valve element 48 are integrally moved up against the
force exerted by the first spring 46 and the second
spring 58. As a result, the first valve element 44 closes
the first valve opening 45 while the second valve ele-
ment 48 opens the second valve opening 49.
[0040] When the first valve opening 45 is closed,
the crank chamber 15 is no longer supplied with high
pressure gas. When the second valve opening 49 is
opened, gas is released from the crank chamber 15 to
the suction chamber 24. Thus, the crank chamber pres-
sure falls. Consequently, the swash plate 18 tilts to the
maximum inclination position, which increases the dis-
placement to the maximum level.
[0041] If the compressor is operated with the maxi-
mum displacement, the first valve opening 45 is closed
by the first valve element 44, and the buffer chamber 34
is isolated from the crank chamber 15. Further, high
pressure gas from the discharge chamber 25 flows into
the buffer chamber 34 through the fixed restriction 33.
Therefore, if the compressor is continuously driven at
maximum displacement, the pressure of the buffer
chamber 34 will increase to approximately the pressure
of the discharge chamber 25.
[0042] If the cooling load then decreases, that is, if
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the difference between the temperature of the passen-
ger compartment and the temperature set by the cabin
temperature setting device 61 becomes small, the con-
troller X commands the drive circuit 63 to stop supplying
current to the coil 53. When the current from the drive
circuit 63 to the coil 53 is stopped, the electromagnetic
attraction force between the fixed core 51 and the
plunger 52 vanishes. Consequently, as shown in Figure
3, the plunger 52, the first rod 55, the first valve element
44, the second rod 57 and the second valve element 48
are moved downward by the first spring 46 and the sec-
ond spring 58. As a result, the first valve element 44
opens the first valve opening 45 while the second valve
element 48 closes the second valve opening 49.

[0043] If the first valve opening 45 is opened, high
pressure gas flows from the buffer chamber 34 to the
crank chamber 15. When the second valve opening 49
is closed, gas is no longer released from the crank
chamber 15 to the suction chamber 24. Thus, the pres-
sure of the crank chamber 15 increases. Consequently,
the inclination of the swash plate 18 decreases to the
minimum angle, and the displacement of the compres-
sor is minimized.
[0044] Since the buffer chamber 34 is downstream
of the fixed restriction 33, if the first valve opening 45 is
opened, the buffer chamber 34 supplies a large amount
of high pressure gas to the crank chamber 15. There-
fore, regardless of the fixed restriction 33, the opening
of the first valve opening causes a rapid increase in the
pressure of the crank chamber 15. Consequently, the
displacement rapidly and responsively decreases.
[0045] When the first valve opening 45 is opened,
much more gas flows from the buffer chamber 34 to the
crank chamber 15 than flows to the buffer chamber 34
through the fixed restriction 33 from the discharge
chamber 25. For this reason, the pressure of the buffer
chamber 34 eventually decreases to about the pressure
of the crank chamber 15.
[0046] When the first valve opening 45 is opened
and the second valve opening 49 is closed, there is a
chance that the crank chamber 15 pressure will become
too high. If this occurs, the difference between the pres-
sure of the crank chamber 15 exerted on the bottom of
the second valve element 48 through the second valve
opening 49 and the pressure of the suction chamber 24
exerted on the top of the second valve element through
the second valve chamber 47 will increase. If the differ-
ence in pressure becomes equal to or exceeds a prede-
termined value, the second valve element 48 opens
against the biasing force of the second spring 58, as
shown in Figure 4. At this time, the second valve ele-
ment 48 separates from the second rod 57.
[0047] When the second valve opening 49 is
opened, gas in the crank chamber 15 flows into the suc-
tion chamber 25 through the bleed passage 31. Also,
gas in the buffer chamber 34 is released into the suction
chamber 25 through the crank chamber 15 and the
bleed passage 31. As a result, the pressure in the crank

chamber 15 is limited, and the swash plate 18 does not
forcefully collide with the limit ring 20. Therefore, the
drive shaft 16 is not moved in the axial direction, which
avoids the problems mentioned in the background sec-
tion.

[0048] The second valve element 48 is driven by
the solenoid 42 but is also a differential pressure regu-
lating valve that moves in response to the difference
between the pressure of the crank chamber 15 and the
pressure of the suction chamber 24.
[0049] After the second valve opening 49 is opened
to relieve excessive pressure in the crank chamber 15,
the second valve element 48 again closes the second
valve opening 49.
[0050] When the first valve opening 45 and the sec-
ond valve opening 49 are opened, high pressure gas
from the discharge chamber 25 is released into the suc-
tion chamber 24. This situation occurred also in the
prior art shown in Figure 7. However, in the embodiment
of Figs. 1-5, the fixed restriction 33 is provided in the
supply passage 32, which limits the flow of gas from the
discharge chamber 25 to the buffer chamber 34. The
restriction 33 thus reduces the rate by which the pres-
sure rises in the crank chamber 15. Thus, the time
period from when the second valve element 48 closes
the second valve opening 49 after relieving the pressure
in the crank chamber 15 until the pressure in the crank
chamber 15 is again excessive is longer, compared to
the prior art. As a result, while the compressor is driven
in the minimum displacement mode, the number of
times when the second valve opening 49 is opened and
the total time during which the second valve opening 49
is opened are reduced, compared with the prior art of
Figure 7. Accordingly, the efficiency of the compressor
is improved.
[0051] When the displacement is changed, either
the bleed passage 31 or the supply passage 32 is
opened and the other is closed, which allows the pres-
sure of the crank chamber 15 to be rapidly changed.
Therefore, the compressor's response to displacement
changes is relatively quick.
[0052] The displacement control valve 35 is
arranged to include only one solenoid 42 for driving two
valve elements 44 and 48. This arrangement simplifies
the structure of the control valve 35 and the method of
controlling the control valve 35. This reduces the duty
load on the controller X and simplifies the wiring of the
controller X, the control valve 35, and the drive circuit
63.
[0053] The bleed passage 31 and the supply pas-
sage 32 share the common passage 60 between the
control valve 35 and the crank chamber 15. This simpli-
fies the design of the compressor compared with an
arrangement in which the passages 31 and 32 are sep-
arate. Of course, the passages 31 and 32 may be sepa-
rate.
[0054] When the coil 53 is not supplied with current,
the first valve element 44 opens the first valve opening
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45 while the second valve element 48 closes the second
valve opening 49 to minimize the displacement. There-
fore, if the coil 53 fails to operate due to a problem such
as wire breakage, the compressor is driven at the mini-
mum displacement. Therefore, even if the engine Eg is
driven at a high speed, the compressor is protected
from excessive loads.

[0055] The present invention can be varied as fol-
lows:
[0056] The fixed restriction may be formed by a pin
placed in the supply passage 32. The pin has a diame-
ter that is smaller than that of the supply passage. This
simplifies the manufacture of the supply passage 32.
[0057] With regard to the embodiment of Figures 1
to 5, the first valve element 44 may close the first valve
opening 45 while the second valve element 48 opens
the second valve opening 49 to cause the compressor
to operate at the maximum displacement when the coil
53 is not supplied with current. According to this varia-
tion, if the coil 53 fails to operate, the compressor oper-
ates at maximum displacement. This allows the
compressor to handle a large cooling load.
[0058] Further, the plunger 50 may be driven by an
actuator other than the solenoid 42. For example, the
plunger 50 may be driven hydraulically or pneumatically.
[0059] The present examples and embodiments
are to be considered as illustrated and not restrictive
and the invention is not to be limited to the details given
herein, but may be modified within the scope and equiv-
alence of the appended claims.
[0060] A variable displacement compressor
includes a bleed passage (31) for connecting a crank
chamber (15) to a suction chamber (24) and a supply
passage (32) for connecting the crank chamber (15) to
a discharge chamber (25). The supply passage (32)
includes a fixed restriction (33). A buffer chamber (34) is
located in the supply passage (32) between the fixed
restriction (33) and the crank chamber (15). A first valve
element (44) selectively opens and closes the supply
passage (32) between the buffer chamber (34) and the
crank chamber (15). A solenoid (42) actuates the first
valve element (44) in response to a current. A second
valve element (48) opens and closes the bleed passage
(31). When the first valve element (44) closes the supply
passage (32), the second valve element (48) opens the
bleed passage (31). When the first valve element (44) is
open, the second valve element (48) operates in
accordance with the difference between the pressure in
the crank chamber (15) and the pressure in the suction
chamber. In this compressor, the displacement can be
changed rapidly, the efficiency of the compressor is rel-
atively high, and the pressure in the crank chamber (15)
is limited.

Claims

1. A variable displacement compressor comprising:

a crank chamber (15), the pressure of which is
a crank pressure, wherein the displacement of
the compressor is varied in accordance with
the crank pressure;

a suction pressure zone (24), the pressure of
which is a suction pressure;
a discharge pressure zone (25), the pressure
of which is a discharge pressure;
a bleed passage (31) for connecting the crank
chamber (15) to the suction pressure zone
(24); and
a supply passage (32) for connecting the crank
chamber (15) to the discharge pressure zone
(25), the compressor being characterized by:
a fixed restriction (33) located in the supply
passage (32);
a buffer chamber (34) located in the supply
passage (32) between the fixed restriction (33)
and the crank chamber (15);
a first valve element (44) for selectively opening
and closing the supply passage (32) between
the buffer chamber (34) and the crank chamber
(15);
an actuator (42) for actuating the first valve ele-
ment (44) in response to an external command;
a second valve element (48) for selectively
opening and closing the bleed passage (31),
wherein the crank pressure and the suction
pressure are applied to the second valve ele-
ment (48); and
a transmission member (57) for transmitting
movement of the first valve element (44) to the
second valve element (48), wherein the trans-
mission member (57) causes the second valve
element (48) to open the bleed passage (31)
when the first valve element (44) closes the
supply passage (32), and wherein the second
valve element (48) moves in accordance with
the difference between the crank pressure and
the suction pressure when the first valve ele-
ment (44) opens the supply passage (32).

2. The compressor according to claim 1 character-
ized in that, while the first valve element (44)
opens the supply passage (32), the second valve
element (48) closes the bleed passage (31) if the
difference between the crank pressure and the suc-
tion pressure is below a predetermined value, and
the second valve element (48) opens the bleed pas-
sage (31) if the difference between the crank pres-
sure and the suction pressure is above the
predetermined value.

3. The compressor according to claims 1 or 2 charac-
terized in that a spring (58) urges the second valve
element (48) in a direction to close the bleed pas-
sage (31), and wherein the transmission member
(57) causes the second valve element (48) to open
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the bleed passage (31) against the force of the
spring (58) when the first valve element (44) closes
the supply passage (32).

4. The compressor according to any one of claims 1 to
3 characterized in that the transmission member
(57) links the first valve element (44) with the sec-
ond valve element (48) such that the second valve
element (48) is movable relative to the first valve
element (44).

5. The compressor according to any one of claims 1 to
4 characterized in that a common passage (60)
serves as a downstream portion of the supply pas-
sage (32) and as an upstream portion of the bleed
passage (31).

6. The compressor according to any one of claims 1 to
5 characterized by a valve chamber (47) for
accommodating the second valve element (48) and
a valve opening (49), which opens to the valve
chamber (47) to face the second valve element
(48), wherein the valve chamber (47) communi-
cates with the suction pressure zone (24) through
the bleed passage (31), and wherein the valve
opening (49) communicates with the crank cham-
ber (15) through the bleed passage (31).

7. The compressor according to any one of claims 1 to
6 characterized in that the actuator (42) includes a
solenoid, and the solenoid (42) includes a coil (53)
and a plunger (52) connected to the first valve ele-
ment (44), and wherein current supplied to the coil
(53) generates an electromagnetic force for actuat-
ing the plunger (52).

8. The compressor according to claim 7 character-
ized in that the first valve element (44) closes the
supply passage (32) when current is supplied to the
coil (53), and the first valve element (44) opens the
supply passage (32) when no current is supplied to
the coil (53).

13 14

5

10

15

20

25

30

35

40

45

50

55



EP 1 028 253 A2

9



EP 1 028 253 A2

10



EP 1 028 253 A2

11



EP 1 028 253 A2

12



EP 1 028 253 A2

13


	bibliography
	description
	claims
	drawings

