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(54) VARIABLE DISPLACEMENT SWASH PLATE-TYPE COMPRESSOR AND AIR CONDITIONING 
SYSTEM USING SAID COMPRESSOR

(57) This invention provides a variable-capacity
swash plate compressor that does not allow the com-
pressor performance to be compromised by ensuring that
the suction passage is not constricted in an operating
area where low pressure pulsations do not occur and, at
the same time, makes it possible to fully reduce low pres-
sure pulsations by constricting the suction passage in an
operating area where low pressure pulsations tend to
occur readily and an air-conditioning system equipped
with such a variable-capacity swash plate compressor.

A variable-capacity swash plate compressor in-
cludes a suction throttle valve 62 that is disposed in a
suction passage 61, through which a coolant taken in
through a suction port 60 is guided to a suction chamber
54, and adjusts the passage area of the suction passage
61 through which the coolant passes, and a solenoid
valve 70 that freely adjusts the degree of opening of the
suction throttle valve 62. The solenoid valve 70 may ad-
just the degree of opening of the suction throttle valve 62
by adjusting the pressure in a back pressure chamber
68 of the suction throttle valve 62 or it may directly control
the degree of opening of the suction throttle valve 62 in
correspondence to supplied electric energy.
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Description

[0001] The present invention relates to a piston-type
compressor that includes a noise-suppression mecha-
nism installed in order to prevent abnormal noise occur-
ring as pressure pulsations, attributable to self-induced
vibration of a suction valve, are propagated to the outside
of the compressor, and more specifically, it relates to a
variable-capacity swash plate compressor that reduces
propagation of pressure pulsations to the outside of the
compressor by constricting a suction passage in an op-
erating area where the pressure pulsations occur and
sustains a satisfactory level of compressor performance
in an operating area where pressure pulsations do not
occur by ensuring that the suction passage does not be-
come constricted. The present invention further relates
to an air-conditioning system equipped with such a var-
iable-capacity swash plate compressor.
[0002] In a typical piston-type compressor, a stopper
with a predetermined depth is formed in a cylinder block
at a position facing opposite the end of a suction valve
so that self-induced vibration of the suction valve is pre-
vented by causing the end of the suction valve to come
into contact-with the stopper as a coolant gas is drawn
into a cylinder bore.
[0003] However, the quantity of gas taken into the cyl-
inder bore under a variable displacement condition is dif-
ferent from the quantity of gas sucked into the cylinder
bore under the maximum displacement condition, in the
piston-type variable-capacity compressor. This means
that if the depth of the stopper is set in correspondence
to the maximum displacement condition, the end of the
suction valve will not come into contact with the stopper
under a small displacement condition, in which the suc-
tion valve becomes displaced only by a small extent.
Thus, self-induced vibration of the suction valve may oc-
cur, which, in turn, cause fluctuation in the pressure of
the gas inside a suction chamber and ultimately result in
pressure pulsations being propagated to the outside of
the compressor and causing abnormal noise.
[0004] The measures taken to address this issue in
the related art include those disclosed in the Japanese
Patent Applications JP2001-136776-A1 and
JP2005-337232-A2 outlined below.
[0005] JP2001-136776-A1 discloses a structure that
includes an opening degree control valve disposed in a
suction passage of a compressor so as to control the
opening area of the suction passage by using the pres-
sure difference attributable to the gas flow through the
suction passage in combination with a spring force. Via
the opening degree control valve, the opening area of
the suction passage is reduced when the intake flow rate
is low so as to suppress propagation of suction pulsations
to the outside of the compressor under a small displace-
ment condition and the opening area of the suction pas-
sage is increased when the intake flow rate is high.
[0006] The structure disclosed in JP2005-337232-A2
includes an opening degree control valve disposed in a

suction passage so as to adjust the opening area in the
suction passage based upon the pressure difference be-
tween the suction pressure and the crank chamber pres-
sure. In the structure disclosed in this patent, the opening
degree control valve is controlled based upon the crank
chamber pressure, which changes in correspondence to
the capacity, so as to allow the opening degree control
valve to readily achieve the maximum opening degree
under the maximum displacement condition by lessening
the influence of the force applied by the spring and allow
the opening degree control valve to achieve a smaller
opening degree with ease under a small displacement
condition by increasing the role of the force applied by
the spring as an influencing factor.
[0007] The structure disclosed in JP2001-136776-A1 ,
in which the opening degree control valve is engaged in
operation by using the pressure difference created by
the gas flow through the suction passage and the spring
force in combination, gives rise to a problem in that if the
spring force is set to a high level in order to effectively
reduce pulsations, the suction passage will be constrict-
ed to result in lowered air cooling performance even un-
der maximum displacement condition, whereas if the
spring force is set to a low level so as to maximize the
air cooling performance under the maximum displace-
ment condition, the pulsations will not be fully reduced
under a small displacement condition, in which the suc-
tion passage needs to be constricted effectively.
[0008] In addition, the tilt angle of the swash plate in a
standard variable-capacity compressor is altered based
upon the difference between the pressure inside cylinder
bores applied to the individual pistons and the crank
chamber pressure. The pressure inside a cylinder bore
is substantially equal to the pressure in the suction cham-
ber when the corresponding piston is positioned at the
bottom dead center, and as the piston compresses the
coolant gas, the cylinder bore pressure gradually rises.
Then, once the cylinder bore pressure exceeds the pres-
sure in the discharge chamber, the pressure difference
acting on the front and behind of the discharge valve
causes the valve to open and, as a result, the coolant
gas is discharged into the discharge chamber. In other
words, the pressure inside the cylinder bore changes
within a range defined by the suction pressure and the
discharge pressure (slightly higher than the actual dis-
charge pressure, to be exact, due to the delay with which
the discharge valve opens and the resistance) while the
swash plate rotates by a single turn, and the cylinder bore
pressure is applied to the piston at all times.
[0009] The cylinder bore pressure applied to the piston
act on the swash plate so as to increase the tilt angle of
the swash plate, and thus, assuming that the pressure
difference between the pressure in the suction chamber
and the pressure in the crank chamber remains un-
changed, the swash plate will be controlled to assume a
greater tilt angle (to achieve a greater discharge capacity)
at a higher discharge pressure.
[0010] This means that if the opening degree control
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valve disclosed in JP2005-337232-A2, which controls
the opening degree based upon the pressure difference
between the suction chamber pressure and the crank
chamber pressure irrespective of the discharge pres-
sure, is set to constrict the suction passage when the
pressure difference between the crank chamber pres-
sure and the suction chamber pressure exceeds, for in-
stance, 0.1 MPa, the opening degree control valve may
not be engaged in operation until the swash plate tilt angle
becomes 30% or less of the maximum tilt angle when
the pressure in the discharge chamber is low (e.g., 0.8
MPa) and the suction passage constriction via the open-
ing degree control valve may start with the swash plate
tilt angle at 70% or less of the maximum tilt angle when
the pressure in the discharge chamber is high (e.g., 2.5
MPa). In other words, the suction passage may be con-
stricted and the performance of the compressor may be
lowered under a high load condition, in which no low pres-
sure pulsations occur and thus, the suction passage does
not need to be constricted. Thus, the opening degree
control valve disclosed in JP2005-337232-A2 does not
assure both full air-cooling performance and pulsation
reduction in correspondence to each specific load con-
dition.
[0011] Primary objects of the present invention, having
been achieved by addressing the issues described
above, are to provide a variable-capacity swash plate
compressor that does not allow the compressor perform-
ance to be lowered due to constriction of the suction pas-
sage in an operating area where low pressure pulsations
do not occur and, at the same time, makes it possible to
fully reduce low pressure pulsations by constricting the
suction passage in an operating area where low pressure
pulsations tend to occur readily and to provide an air-
conditioning system equipped with such a variable-ca-
pacity swash plate compressor.
[0012] The inventors of the present invention, in an
attempt to address the issues discussed above, have
completed the present invention based upon a finding
that the problem of the related art described above can
be solved by allowing the passage area of a suction pas-
sage, through which coolant taken into the compressor
is guided into a suction chamber, to be adjusted freely
from the outside.
[0013] Namely, the variable-capacity swash plate
compressor according to the present invention, compris-
ing a housing, pistons that each moves reciprocally within
a cylinder bore formed at the housing, a crank chamber,
a suction chamber and a discharge chamber all formed
within the housing, a shaft passing through the crank
chamber and rotatably supported at the housing, a swash
plate that is housed in the crank chamber and rotates as
the shaft rotates, thereby causing the pistons to move
reciprocally, a suction port formed at the housing, through
which a working fluid is taken in, and a discharge port
formed at the housing, through which the working fluid
is discharged, wherein the working fluid taken in through
the suction port is guided into the suction chamber via a

suction passage formed at the housing and then is com-
pressed by the pistons before being discharged through
the discharge port via the discharge chamber. This var-
iable-capacity swash plate compressor is characterized
in that a suction throttle valve, which adjusts the passage
area of said suction passage through which the coolant
passes, is disposed in said suction passage, and that
said variable-capacity swash plate compressor further
includes an external adjustment means for freely adjust-
ing an opening degree of said suction throttle valve in
accordance with a request (command) issued from out-
side.
[0014] In this structure, which includes a suction throt-
tle valve disposed at the suction passage in the compres-
sor and an external adjustment means for freely adjusting
the opening degree of the suction throttle valve in ac-
cordance with a request issued from the outside, the suc-
tion throttle valve can be controlled to sustain a fully open
state via the external adjustment means even if the crank
chamber pressure rises by a predetermined extent during
a middle to high displacement operation executed under
a high discharge pressure condition, whereas propaga-
tion of suction pulsations can be suppressed in a reliable
manner by engaging the suction throttle valve in opera-
tion via the external adjustment means under a condition
in which low pressure pulsations tend to occur readily.
[0015] The external adjustment means may be a so-
lenoid valve that adjusts the opening degree of the suc-
tion throttle valve by adjusting the pressure in a back
pressure chamber of the suction throttle valve.
[0016] As the opening degree of the suction throttle
valve is adjusted through adjustment of the pressure in
the back pressure chamber of the suction throttle valve,
the suction throttle valve can be engaged in operation
with a sufficient force attributable to the pressure in the
back pressure chamber, even when the extent of valve
element displacement at the solenoid valve is small.
[0017] As an alternative, the external adjustment
means may directly control the opening degree of the
suction throttle valve in accordance with a request (com-
mand) issued from the outside. In this case, since the
opening degree of the suction throttle valve is directly
controlled in accordance with a request issued from the
outside, the opening degree of the suction throttle valve
can be controlled with a high degree of accuracy.
[0018] The air-conditioning system according to the
present invention, comprising the variable-capacity
swash plate compressor described above and at least a
condenser, an expansion device and an evaporator, all
connected together via a piping to configure a refrigerat-
ing cycle, is characterized in that the variable-capacity
swash plate compressor further includes a pressure con-
trol valve that controls the pressure in the crank chamber
based upon the pressure in the suction chamber and that
the air conditioning system further comprises a suction
throttle control means for driving the external adjustment
means in response to a request issued on the vehicle
side.
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[0019] The external adjustment means may be a so-
lenoid valve that adjusts the opening degree of the suc-
tion throttle valve by adjusting the pressure in the back
pressure chamber of the suction throttle valve, or the
external adjustment means may directly control the open-
ing degree of the suction throttle valve in response to
electric energy applied thereto.
[0020] The pressure control valve included in this
structure controls the crank chamber pressure based up-
on the pressure in the suction chamber, i.e., based upon
the pressure on a downstream side of the suction throttle
valve, and thus, the capacity at the compressor is con-
trolled based upon the pressure on the downstream side
of the suction throttle valve. As the external adjustment
means is driven in response to a request from the suction
throttle control means and the suction passage is con-
stricted via the suction throttle valve, the resulting con-
stricting effect induces a decrease in the pressure in the
suction chamber, the crank chamber pressure is raised
via the pressure control valve with the lowered suction
pressure applied thereto and, as a result, the discharge
capacity decreases, which sustains the pressure in the
suction chamber in balance at a pressure level prior to
the suction passage constriction.
[0021] By taking advantage of the action of the varia-
ble-capacity compressor whereby it autonomously con-
trols its capacity so as to sustain the suction chamber
pressure at a constant level and creating a pressure dif-
ference via the suction throttle valve, the capacity can be
freely decreased and, at the same time, propagation of
low pressure pulsations under a small displacement con-
dition can be suppressed.
[0022] According to the present invention described
above, which includes a suction throttle valve disposed
in a suction passage through which a working fluid taken
in through a suction port is guided to a suction chamber,
so as to adjust a passage area of the suction passage
via the suction throttle valve, the opening degree of the
suction throttle valve is freely adjusted via an external
adjustment means in accordance with a request issued
from the outside. As a result, it is ensured that any de-
crease in the performance level of the compressor
caused by suction passage constriction does not occur
in an operating area where low pressure pulsations do
not occur, and that low pressure pulsations can be sup-
pressed by a sufficient extent by engaging the suction
throttle valve in operation via the external adjustment
means and constricting the suction passage with the suc-
tion throttle valve in an operating area where low pressure
pulsations tend to occur readily.
[0023] The invention will now be described with refer-
ence to the enclosed drawings. In the drawings :

- FIG. 1 presents an example of a configuration that
may be adopted in the air-conditioning system ac-
cording to the present invention;

- FIG. 2 is a sectional view of an example of a structure
that may be adopted in the variable-capacity swash

plate compressor according to the present invention;
- FIG. 3 is a sectional view of an area of the valve plate

that faces opposite a piston in the variable-capacity
swash plate compressor;

- FIG. 4 is a sectional view of an example of a structure
that may be adopted for the suction throttle valve
and the external adjustment means in the variable-
capacity swash plate compressor according to the
present invention;

- FIG. 5 presents a flowchart of a control operation
that may be executed to control the constriction var-
ying mechanism;

- FIG. 6 is a sectional view of another example of a
structure that may be adopted for the suction throttle
valve and the external adjustment means in the var-
iable-capacity swash plate compressor according to
the present invention;

- FIG. 7 is a sectional view of yet another example of
a structure that may be adopted for the suction throt-
tle valve and the external adjustment means.

[0024] The following is a description of embodiments
of the present invention, given in reference to the at-
tached drawings.
[0025] FIG. 1 presents an example of a configuration
that may be adopted in a refrigerating cycle 1 installed
in a vehicle. This refrigerating cycle 1 includes a variable-
capacity swash plate compressor (hereafter to be re-
ferred to as a compressor) 4 equipped with a pressure
control valve 2 via which the discharge capacity is ad-
justed and a constriction varying mechanism 3 that varies
the passage area of a suction path through which coolant
is guided to a suction chamber, a condenser 5 that cools
the coolant, an expansion device 6 that depressurizes
the coolant, and an evaporator 8 that is installed in an
air-conditioning passage 7 and evaporates a working flu-
id. In the refrigerating cycle 1, the discharge side of the
compressor 4 is connected to the expansion device 6 via
the condenser 5 and a high pressure line is constituted
with a path extending from the discharge side of the com-
pressor 4 to the inflow side of the expansion device 6. In
addition, the outflow side of the expansion device 6 is
connected to the evaporator 8, the outflow side of the
evaporator 8 is connected to the suction side of the com-
pressor 4, and a low pressure line is constituted with a
path extending from the outflow side of the expansion
device 6 to the suction side of the compressor 4.
[0026] Thus, the coolant, having been compressed at
the compressor 4 and assuming a high temperature and
a high pressure, enters the condenser 5 where it is cooled
before being delivered to the expansion device 6 in the
refrigerating cycle 1. The coolant is depressurized at the
expansion device 6 and thus becomes a low tempera-
ture, low pressure moist vapor. The low temperature/low
pressure moist vapor exchanges heat with air passing
through the evaporator 8 and becomes gasified as a re-
sult of the heat exchange. The gasified coolant then re-
turns to the compressor 4.
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[0027] Reference numeral 10 indicates a temperature
sensor disposed in the air-conditioning passage to detect
the temperature of the air on the outlet side of the evap-
orator 8. A signal output from the temperature sensor, a
signal output from another sensor 11 that detects the
cabin internal temperature or the like, and a signal output
from an operation panel 12, via which the air-conditioning
apparatus is turned on/off or a target temperature to be
achieved in the cabin is set, are all input to a control
device 13.
[0028] The control device 13, comprising an input cir-
cuit that inputs the various signals described above as
data, a memory unit constituted with a read only memory
(ROM) and a random access memory (RAM), a central
processing unit (CPU) that processes the data and gen-
erates a control signal through arithmetic operation
based upon a program called up from the memory unit
where it is stored, a control signal output circuit that out-
puts a control signal to the constriction varying mecha-
nism 3 and the like, controls the constriction varying
mechanism 3 in accordance with the signals output from
the various sensors 10 and 11 and the operation panel
12.
[0029] FIG. 2 presents a specific example of a struc-
ture that may be adopted in the compressor 4. This com-
pressor includes a cylinder block 21, a rear housing 23
mounted on the rear side of the cylinder block 21 via a
valve plate 22, and a front housing 25 mounted on the
front side of the cylinder block, which defines a crank
chamber 24 together with the cylinder block 21. The front
housing 25, the cylinder block 21, the valve plate 22 and
the rear housing 23, fastened together along the axial
direction with fastening bolts 26, together constitute the
housing for the compressor 4.
[0030] In the crank chamber 24 defined by the front
housing 25 and the cylinder block 21, a shaft 27, one end
of which projects out from the front housing 25, is housed.
A clutch plate 29 is fixed over the area of the shaft 27
projecting out from the housing 25 via a connecting mem-
ber 28 mounted along the axial direction. A drive pulley
30 is rotatably fitted around a boss portion 25a of the
front housing 25 so as to face opposite the clutch plate
29, and as power is supplied to an excitable electromag-
netic coil 31 embedded in the drive pulley 30, the clutch
plate 29 is pulled to the drive pulley 30 and the rotating
motive force imparted to the drive pulley 30 is transmitted
to the shaft 27.
[0031] In addition, a side of the shaft 27 where the one
end is present is sealed via a seal member 32 disposed
between the one end of the shaft 27 and the front housing
25 so as to assure a high level of airtightness between
the one end and the front housing 25.
[0032] The side of the shaft 27 where the one end is
present is also rotatably supported by a radial bearing
33, whereas the side of the shaft 27 where the other end
is present is rotatably supported by a thrust bearing 35
housed inside a housing hole 34 formed at a substantial
center of the cylinder block 21 and a radial bearing 36

that is disposed next to the thrust bearing 35 toward the
rear side.
[0033] The housing hole 34 and a the plurality of cyl-
inder bores 37 that set over equal intervals on the cir-
cumference of a circle centered on the housing hole 34,
are formed at the cylinder block 21. A single-ended piston
40 inserted at each cylinder bore 37 is allowed to slide
reciprocally within the cylinder bore.
[0034] A thrust flange 41, which rotates as one with
the shaft 27, is fixed to the shaft 27 within the crank cham-
ber 24. The thrust flange 41 is rotatably supported via a
thrust bearing 42 at the inner wall surface of the front
housing 25 formed substantially perpendicular to the
shaft 27. A swash plate 44 is linked via a link member 43
to the thrust flange 41.
[0035] The swash plate 44, which is tiltably held via a
hinge ball 45 disposed on the shaft 27, rotates as one
with the thrust flange 41 by synchronizing with the rotation
of the thrust flange 41. The thrust flange 41 and the swash
plate 44 together constitute a motive power transmission
mechanism that rotates synchronously with the rotation
of the shaft 27. The circumferential edge portion of the
swash plate 44 is held by an engaging portion 40a of the
single-ended piston 40 via a pair of shoes 46 disposed
at the front and rear sides of the swash plate 44.
[0036] Thus, as the shaft 27 rotates, the swash plate
44 also rotates, the rotating motion of the swash plate 32
is converted to linear reciprocal motion of the single-end-
ed piston 40 via the shoes 46 and, as a result, the volu-
metric capacity of a compression space 47 (see FIG. 3)
formed between the piston 40 and the valve plate 22
inside each cylinder bore 37 changes.
[0037] As shown in FIG. 3, a suction hole 51, which is
opened/closed via a suction valve 50 disposed at an end
surface of the valve plate 22 on the side further toward
the cylinder block and a discharge hole 53 which is
opened/closed via a discharge valve 52 disposed at an
end surface of the valve plate 22 on the side further to-
ward the rear housing, are formed in correspondence to
each cylinder bore 37. In addition, a suction chamber 54
where the coolant to be supplied into the compression
space 47 is stored and a discharge chamber 55 where
the coolant discharged from the compression space 47
is stored are formed at the rear housing 23. In the current
example, the suction chamber 54 is formed substantially
at the center of the rear housing 23, whereas the dis-
charge chamber 55 is formed around the suction cham-
ber 54.
[0038] The suction valve 50 is held, together with a
suction valve-side gasket 56, between the cylinder block
21 and the valve plate 22, whereas the discharge valve
52 is held, together with a discharge valve-side gasket
57, between the valve plate 22 and the rear housing 23.
[0039] The suction valve side gasket 56, inserted be-
tween the cylinder block 21 and the suction valve 50, is
disposed so as to enclose the corresponding cylinder
bore 37. In addition, a suction valve stopper 58, which
regulates valve-opening operation of the suction valve
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50, is formed at an end of the cylinder bore 37 located
on a side further toward the valve plate. The suction valve
stopper 58 is formed at a position facing opposite the tip
of the suction valve 50 by grinding the end of the cylinder
bore to a predetermined depth. In this example, the stop-
per depth is set in correspondence to the quantity of gas
taken in through the suction valve under a middle dis-
placement condition.
[0040] In addition, the discharge valve side gasket 57,
inserted between the discharge valve 52 and the rear
housing 23, is disposed so as to enclose the discharge
hole 53, and a discharge valve stopper 59 used to reg-
ulate the valve opening operation of the discharge valve
52 is formed as an integrated part of the discharge valve
side gasket 57.
[0041] At the rear housing 23, a suction port 60,
through which the coolant is taken in from an outside
cycle, a suction passage 61, through which the coolant
having been taken in through the suction port 60 is guided
to the suction chamber 54, a discharge port (not shown),
through which the coolant is discharged to the outside
cycle, and a discharge passage (not shown), through
which the coolant having been discharged into the dis-
charge chamber is guided to the discharge port, are
formed.
[0042] As shown in FIG. 4, a suction throttle valve 62
is disposed on the suction passage 61 connecting the
suction port 60 with the suction chamber 54. This suction
throttle valve 62 is housed inside a valve housing cham-
ber 62 formed within the suction passage 61 so as to
allow displacement thereof along the coolant flow direc-
tion, and a force imparted from a spring 64 mounted at
the valve housing chamber 63 is applied to the suction
throttle valve 62 along the valve opening direction.
[0043] In more specific terms, the valve housing cham-
ber 63, assuming a diameter greater than the diameter
of the suction passage 61, is formed by aligning its axial
center with the axial center of the suction passage 61
extending from the suction port 60, a communicating por-
tion 66 opening in communication with the suction cham-
ber 54 is formed at a side surface of the valve housing
chamber 63, and the suction throttle valve 62 is formed
in a tubular shape having one open end and another end
that is closed off. The suction throttle valve 62 is slidably
housed in the valve housing chamber 63 with a closed-
off portion 62a of the suction throttle valve being toward
the suction port and the force imparted from the spring
64 mounted at the side of the suction port in the valve
housing chamber 63 is applied to the suction throttle
valve so as to move it away from the suction port 60.
When the suction throttle valve 62 is at the farthest po-
sition from the suction port 60 by the force imparted from
the spring 64, the communication portion 66 is fully
opened without being blocked by the side surface of the
suction throttle valve 62. Then as the suction throttle
valve 62, moving against the force imparted from the
spring 64, is displaced toward the suction port, the com-
municating portion 66 becomes constricted with the side

surface of the suction throttle valve 62 and thus the open-
ing degree of the communicating portion is reduced.
[0044] An orifice 67 is formed at the closed-off portion
62a of the suction throttle valve 62, a back pressure
chamber 68 is formed inside the suction throttle valve
62, and the back pressure chamber 68 and the suction
passage 61 are in communication with each other via the
orifice 67. The suction throttle valve 62 is displaced to a
position at which the pressure on the upstream side of
the suction chamber (the pressure at the suction passage
61), the pressure in the back pressure chamber 68 and
the spring force imparted from the spring 64 are in bal-
ance. Thus, unless the pressure in the back pressure
chamber 68 is raised, the pressure in the back pressure
chamber 68 and the pressure in the suction passage 61
are equalized via the orifice and the communicating por-
tion 66 sustains a fully open state (the maximum opening
degree is sustained at the suction throttle valve 62) with
the spring force imparted from the spring 64.
[0045] The adjustment of the opening degree at the
suction throttle valve 62, eventually, the adjustment of
the pressure in the back pressure chamber 68, is
achieved via a solenoid valve 60 constituting an external
adjustment means, as described below. It is to be noted
that the suction throttle valve 62 and the solenoid valve
70 together constitute the constriction varying mecha-
nism 3 mentioned earlier.
[0046] At the solenoid valve 70, fitted inside the rear
housing 23, a rod portion 75 of a valve element 73 thereof
is slidably disposed in an axial hole 72 formed at the
center of a body 71 assuming the shape of a circular
column. The valve element 73 includes a head portion
74 formed to assume a diameter greater than the diam-
eter of the axial hole 73, which sits at the circumferential
edge of the opening of the axial hole 72 and the rod por-
tion 75 extending from the head portion 74. At the rod
portion 75, a constricted portion 75a is formed so as to
assume a relatively-small diameter over a predetermined
area starting from the head portion 74.
[0047] At the upper end of the body 71, a communi-
cating chamber 76, which communicates with the back
pressure chamber 68 of the suction throttle valve 62 and
also communicates with the axial hole 72, is defined. The
head portion 74 of the valve element 73 and a valve spring
77, which imparts a force applied to the valve element
73 along the closing direction (along the downward di-
rection in the figure) are housed in the communicating
chamber 76.
[0048] In addition, at the body 71, a cylinder 80 assum-
ing a cylindrical shape, which communicates with the ax-
ial hole 72 and is securely locked by aligning its axial
center with the axial center of the axial hole 72, an elec-
tromagnetic coil 81 wound around the cylinder 80, a
plunger 82, which is slidably inserted through the cylinder
80 and comes into contact with the rod portion 75 of the
valve element 73 inserted at the axial hole 72, an adjuster
83 mounted at an open end of the cylinder 80 located on
the base end side, and a spring 84 mounted at a position
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between the rear surface of the plunger 82 and the ad-
juster 83, which imparts a force to push the plunger 82
toward the valve element (toward the top side in the fig-
ure) are provided.
[0049] A discharge pressure drawing port 85, through
which the pressure in the discharge chamber 55 is drawn
in is disposed at a central area of the side surface of the
solenoid valve 70, and a suction pressure drawing port
86, through which the pressure in the suction chamber
54 is drawn in, is disposed under the discharge pressure
drawing port 85 (on the side further away from the back
pressure chamber).
[0050] The discharge pressure drawing port 85, which
is formed along the radius of the body 71, opens at the
side surface of the axial hole 72 facing opposite the con-
stricted portion 75a of the valve element 73. In addition,
the suction pressure drawing port 86, extending along
the radius of the body 71, communicates with a groove
87 formed at the inner circumferential surface of the axial
hole 72 so as to guide the suction pressure, having been
drawn in through the suction pressure drawing port 86,
toward the bottom surface of the valve element 73.
[0051] Thus, the level of force pulling the plunger 82
downward can be adjusted by controlling the level of pow-
er supplied to the electromagnetic coil 81, and while no
power is supplied to the electromagnetic coil 81, the force
imparted from the spring 84 disposed under the plunger
82 pushes the plunger 82 upward, causing the valve el-
ement 73 to open against the force imparted from the
valve spring 77. As a result, the high pressure gas drawn
in via the discharge pressure drawing port 85 passes
through the area around the constricted portion 75a
formed at the valve element 73 to reach the communi-
cating chamber 76 and then is guided to the back pres-
sure chamber 68 via the communicating chamber 76.
[0052] In contrast, when power is supplied to the elec-
tromagnetic coil 81 so as to generate a pull strong enough
to overcome the spring force, the plunger 82 is caused
to move downward and the valve element 73 is displaced
downward by the spring force imparted from the valve
spring 77, thereby closing the axial hole 72. Since the
axial hole 72 is formed so as to maintain a uniform diam-
eter, the size of the area where the high pressure, taken
in toward the constricted portion 75a of the valve element
73, is applied to the top surface of the constricted portion
75a and the size of the area where the high pressure is
applied to the bottom surface of the constricted portion
75a remain the same. Thus, the discharge pressure,
even when very high, does not cause the valve element
73 to open.
[0053] In addition, since the suction pressure, having
been drawn in through the suction pressure drawing port
86, is directed to the bottom surface of the valve element
73, the influence of the suction pressure is also canceled
out as long as the pressure in the back pressure chamber
68 is substantially equal to the pressure in the suction
chamber 54. Namely, the opening degree of the solenoid
valve can be controlled simply in correspondence to the

level of power supplied to the electromagnetic coil 81
without allowing any pressure to be an influential factor.
[0054] Furthermore, since the back pressure chamber
68 is made to communicate with the suction pressure
area via the orifice 67 formed at the center of the suction
throttle valve 62, as described earlier, the pressure in the
back pressure chamber 68 can be adjusted based upon
the balance between the quantity of gas drawn into the
back pressure chamber 68 through the solenoid valve
70 and the quantity of gas released through the orifice 67.
[0055] The compressor described above further in-
cludes a pressure control valve 2 being well known, which
is disposed in the rear housing 23 and is used to adjust
the pressure in the crank chamber 24 based upon the
pressure in the suction chamber 54. The pressure control
valve 2 used in this type of application controls the crank
chamber pressure by engaging a pressure-sensitive
member such as a bellows or a diaphragm in operation
in correspondence to the suction pressure and moving
the valve element via the pressure-sensitive member
whenever the suction pressure becomes lower than a
predetermined value. While the crank chamber pressure
may be adjusted through any of various methods, includ-
ing a method whereby the discharge pressure is drawn
into the crank chamber 24 by opening the valve seat
whenever the suction pressure becomes lower than the
predetermined value, a method whereby the quantity of
gas released from the crank chamber 24 into the suction
chamber 54 is regulated and a method combining both
of the two methods, the present embodiment adopts a
method whereby the state of communication at an air
supply passage 89 that communicates the discharge
chamber 55 with the crank chamber 24 is adjusted via
the pressure control valve 2 so as to draw the high pres-
sure gas in the discharge chamber 55 into the crank
chamber 24. Via this pressure control valve 2, the pres-
sure in the crank chamber 24 is controlled and thus the
piston stroke, i.e., the discharge capacity, is adjusted.
[0056] FIG. 5 presents a flowchart of an example of
control operation that may be executed by the control
device 13 to control the constriction varying mechanism
3. The suction throttle control means for driving the so-
lenoid valve in response to a request issued from the
vehicle side is achieved through this control operation.
[0057] The following is a description of the example of
the operation that may be executed to control the con-
striction varying mechanism 3, given in reference to the
flowchart. The control device 13 first makes a decision
as to whether or not the compressor 4 has been set in
an OFF state in response to an air-conditioning appara-
tus OFF command (step S01). If it is decided in this de-
cision-making step that the air-conditioning apparatus is
in the OFF state, a control signal (Dt) for the solenoid
valve 70 at the constriction varying mechanism 3 is set
to 0 (the current supply to the solenoid is cleared) (step
S02). As a result, the spring force imparted from the
spring 84 pushes the plunger 82 upward in the figure and
the valve element 73 also moves upward. In this situation,
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the high pressure drawn into the back pressure chamber
68 pushes up the suction throttle valve against the force
imparted from the spring 64, and the suction throttle valve
blocks the communicating portion 66, thereby cutting off
the suction passage 61.
[0058] If, on the other hand, it is decided in step S01
that the air-conditioning apparatus is in an operating
state, a decision is made in step S03 as to whether or
not the air temperature (Te) at the evaporator outlet is
higher than an air temperature setting (Te(set)) for the
evaporator outlet and a further decision is made in step
S04 as to whether or not the air temperature (Te) at the
evaporator outlet is lower than the air temperature setting
(Te(set)) for the evaporator outlet. If the air temperature
(Te) at the evaporator outlet is determined to be higher
than the air temperature setting (Te(set)) for the evapo-
rator outlet, i.e., if the temperature of the air output from
the evaporator 8 is higher than the temperature setting,
a larger value is set for the control signal (duty ratio: Dt)
(the current supplied to the solenoid is increased) so as
to drive the suction throttle valve 62 toward the full open
state (step S05). As a result, the plunger 82 is pulled
downward, the valve element 73 is displaced along the
closing direction (along the downward direction in the
figure) with the spring force imparted from the valve
spring 77 and thus the pressure supply into the back pres-
sure chamber 68 becomes restricted, which, in turn, re-
sults in a reduction in the pressure difference between
the pressure in the back pressure chamber 68 and the
pressure in the suction passage 61. In this situation, the
spring force imparted from the spring 64 induces a down-
ward displacement of the suction throttle valve 62 and
the extent to which the suction passage 61 is constricted
is lessened (the constriction resistance is reduced by
opening up the communicating portion 66).
[0059] If, on the other hand, the air temperature (Te)
at the evaporator outlet is determined to be lower than
the evaporator outlet air temperature setting (Te(set)),
i.e., if the temperature of the air output from the evapo-
rator is lower than the temperature setting, a smaller val-
ue is set in the control signal (Dt) (the current supplied
to the solenoid is reduced) so as to drive the suction
throttle valve 62 toward a fully closed state (step S06).
As a result, the plunger 82 is displaced upward with the
spring force imparted from the spring 84, the valve ele-
ment 73 is displaced along the opening direction against
the spring force imparted from the valve spring 77 and
the high pressure coolant supply into the back pressure
chamber 68 is increased. Consequently, the pressure
difference between the pressure in the back pressure
chamber 68 and the pressure in the suction passage 61
increases and the suction throttle valve 62 is displaced
upward against the spring force imparted from the spring
64, thereby increasing the extent to which the suction
pressure 61 is constricted.
[0060] It is to be noted that if it is decided that the air
temperature (Te) at the evaporator outlet is equal to the
evaporator outlet air temperature setting (Te(set)), the

current control condition is sustained (step S07).
[0061] The following is a description of various states
of compressor operation, each corresponding to a spe-
cific heat load in the cabin, executed under the suction
throttle valve control explained above.

Full-capacity operation:

[0062] When the air within the cabin has not been
cooled to the full extent, the pressure (suction pressure)
on the low pressure side of the refrigerating cycle 1 is
relatively high. In this situation, pulsations are not likely
to occur and a sufficient level of air cooling performance
must be assured. Accordingly, the suction throttle control
means applies an electrical current equal to or greater
than a predetermined value to the electromagnetic coil
81 so as to sustain the fully closed state at the solenoid
valve 70. As a result, the pressure in the back pressure
chamber 68 is equalized with the pressure in the suction
passage 61, the spring force imparted from the spring 64
sustains the suction throttle valve 62 in the fully open
state, the pressure control valve 2 is not engaged in op-
eration due to a sufficiently high pressure in the suction
chamber 54, the swash plate 44 is operated at the max-
imum tilt angle, and the compressor 4 sustains the max-
imum-capacity operating state.

Medium-capacity operation:

[0063] As the air inside the cabin becomes cooled, the
heat load on the evaporator 8, too, is lowered and thus,
the suction pressure decreases. At this time, unless the
air temperature at the outlet of the evaporator 8 is lower
than the target air temperature, it indicates that the cool-
ing capacity is not still sufficient. Accordingly, the suction
throttle control means applies an electrical current equal
to or greater than the predetermined value to the elec-
tromagnetic coil 81 so as to sustain the fully closed state
at the solenoid valve 70. As a result, the suction throttle
valve 62 sustains the fully open state. As the pressure in
the suction chamber 54 at the compressor 4 becomes
less than a predetermined value, the bellows in the pres-
sure control valve 2 expands, thereby opening the valve
seat. As a result, the high pressure gas in the discharge
chamber is drawn into the crank chamber 24 and the tilt
angle of the swash plate 44 decreases, leading to a re-
duction in the capacity of the compressor 4, while pre-
venting any decrease in the suction pressure (excessive
cooling).

Low-capacity operation + suction throttle:

[0064] If the air temperature at the outlet of the evap-
orator 8 becomes lower than the target outlet air temper-
ature due to a further reduction in the heat load, change
of the cabin temperature setting or the like, it indicates
that the cooling capacity is excessive. Accordingly, the
suction throttle control means reduces the level of power
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supplied to the solenoid valve 70 and draws the high
pressure into the back pressure chamber 68. By con-
stricting the suction passage 61 via the suction throttle
valve 62 in correspondence to the pressure difference
between the increased pressure in the back pressure
chamber 68 and the pressure in the suction passage 61,
the pressure in the suction chamber 54 is lowered. Since
the pressure control valve 2 raises the pressure in the
crank chamber 24 according to the decrease in the pres-
sure in the suction chamber 54 and thus the capacity of
the compressor 4 is reduced, the cooling capacity is low-
ered and, as a result, the pressure in the suction chamber
54 is sustained at a constant level. At this time, the pres-
sure on the upstream side of the suction throttle valve
62, i.e., the pressure on the side of the evaporator 8 in
the refrigerating cycle, is higher than the pressure in the
suction chamber 54 due to the pressure difference acting
on the front and behind of the suction throttle valve 62.
Consequently, capacity control equivalent to control un-
der which the cooling capacity is reduced by raising the
suction pressure setting of the pressure control valve 2
is achieved.
[0065] While suction pulsations tend to occur readily
during low-load, low-capacity operation, propagation of
the pulsations to the vehicle side is minimized with the
suction throttle valve 62 constricting the suction passage
61.
[0066] It is to be noted that while the suction throttle
valve 62 in the embodiment described above opens/clos-
es along a direction matching the direction of the intake
gas flow, a spool-type suction throttle valve 62 may be
used instead and, in such a case, the suction throttle
valve 62 will open/close along a direction perpendicular
to the direction of the intake gas flow, as shown in FIG. 6.
[0067] In this example, the suction throttle valve 62 is
disposed in a valve element sliding passage 90, which
extends perpendicular to the suction passage 61, at the
rear housing 23, allowing the spool-type suction throttle
valve 62 to slide through the valve element sliding pas-
sage 90 and control of the movement of the suction throt-
tle valve 62 is enabled by mounting a solenoid valve 70
similar to that described earlier so as to face opposite
the suction throttle valve 62 along the axis of the suction
throttle valve 62.
[0068] The suction throttle valve 62 includes a small
diameter portion 62a present at a middle area thereof, a
first sliding portion 62b formed at one end thereof, which
is pushed toward the solenoid valve 70 by a force impart-
ed from a spring 91, and a second sliding portion 62c
formed at another end thereof, which alters the section
of the suction passage 61 through which coolant flows.
The area where the spring 91 is housed is in communi-
cation with the suction chamber 54, the back pressure
chamber 68 is formed between the second sliding portion
62c and the front end of the solenoid valve 70, and the
back pressure chamber 68 communicates with the suc-
tion passage 61 via an orifice 67 formed at the second
sliding portion 62c. Thus, as long as the pressure in the

back pressure chamber 68 and the pressure in the suc-
tion passage 61 are in balance, the second sliding portion
62c stays out of the suction passage 61 and the small
diameter portion 62a faces toward the suction passage
61 by the force imparted from the spring 91 to the suction
throttle valve 62. In addition, as the pressure in the back
pressure chamber 68 rises to a level higher than the pres-
sure in the suction passage 61, the suction throttle valve
62 becomes displaced to the left in the figure against the
spring force imparted from the spring 91, causing the
second sliding portions 62c to gradually constrict the suc-
tion passage 61. When the suction throttle valve 62 is
displaced to the leftmost position, the suction passage
61 becomes blocked.
[0069] It is to be noted that since other structural fea-
tures are similar to those of the embodiment described
earlier, the same reference numerals are assigned to
those structural features to preclude the necessity for a
repeated explanation thereof. Advantages similar to
those of the embodiment described earlier are also
achieved by adopting this alternative structure.
[0070] In addition, while the back pressure chamber
68 in the embodiment described above is located at the
rear of the suction throttle valve 62 and displacement of
the suction throttle valve 62 is caused by the pressure in
the back pressure chamber, the suction throttle valve 62
may be directly driven with a solenoid, as shown in FIG. 7.
[0071] In this example, the suction throttle valve 62
disposed in the suction passage 61 is formed as an in-
tegrated part of the solenoid valve 70 so as to allow the
integrated unit to function as a plunger. The suction throt-
tle valve 62 assuming a tubular shape with one end there-
of closed off is displaceably housed inside an axial hole
72 formed at a body 71. The suction throttle valve 62 is
also slidably inserted in a cylindrical cylinder 80 which is
locked by aligning its axial center with the axial center of
the axial hole 72 at the body 71. At the body 71, an inflow
port 92, which is in communication with the axial hole 72,
is formed at the front end thereof, an outflow port 93,
which is in communication with the axial hole 72, is
formed at the side surface thereof and thus, as the suction
throttle valve 62 comes into contact with the front end of
the body 71, the inflow port 92 becomes closed off.
[0072] In addition, the constriction varying mechanism
3, used to control the drive of the suction throttle valve
62, includes an electromagnetic coil 81 wound around
the cylinder 80, an adjust cap 83 mounted at an opening
formed on the base end side of the cylinder 80 and a
spring 84 mounted between the adjust cap 83 and the
suction throttle valve 62, which imparts a force to push
the suction throttle valve 62 toward the inflow port 92. It
is to be noted that the pressure in the suction chamber
54 is guided into the suction throttle valve 62 via passing
holes 94, 95 and 96 formed at the body 71, the cylinder
80 and the suction throttle valve 62.
[0073] In this structure, the force applied to the suction
throttle valve 62 to pull it downward can be adjusted by
controlling the level of power supplied to the electromag-
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netic coil 81. When no power is supplied to the electro-
magnetic coil 81, the suction throttle valve 62 is pushed
upward by the force imparted from the spring 84 so that
it closes off the inflow port 92 formed at the body 71 and
ultimately blocks the suction passage 61.
[0074] In contrast, as power is supplied to the electro-
magnetic coil 81 at a level at which a pulling force great
enough to overcome the spring force imparted by the
spring 84 is induced, the suction throttle valve 62 moves
downward and stops at a position at which the magnetic
force, the pressure in the suction passage 61, the pres-
sure in the suction chamber 64 and the spring force from
the spring 84 are in balance. Then, if the suction throttle
valve 62 moves to the lowermost position, the suction
throttle valve 62 becomes disengaged from the outflow
port 93 and, in this situation, the extent of communication
between the inflow port 92 and the outflow port 93 is
maximized. It is to be noted that the inflow port 92 and
the outflow port 93 are formed to assure sufficient pas-
sage area so as to ensure that no pressure loss occurs
even during operation executed at a high coolant flow
rate with the inflow port 92 and the outflow port 93 com-
municating with each other to the maximum extent.
[0075] This structure, which includes the suction throt-
tle valve 62 and the solenoid valve 70 configured as an
integrated unit, too, allow the suction throttle valve to sus-
tain the fully open state during middle- to high-capacity
operation executed under a high discharge pressure con-
dition and, at the same time, effectively suppresses prop-
agation of the suction pulsations during operation exe-
cuted under a condition in which low pressure pulsations
tend to occur readily.
[0076] It is to be noted that while the back pressure
chamber 68 and the solenoid valve 70 are disposed next
to each other in the first and second embodiments de-
scribed above, the back pressure chamber 68 and the
solenoid 70 may be disposed at positions set apart from
each other and in such a case, the pressure in the com-
municating chamber 76, linked with the back pressure
chamber 68 through a gas passage, may be guided to
the back pressure chamber 68 via the gas passage.
[0077] In addition, while the constriction varying mech-
anism 3 is controlled by designating the heat load in the
refrigerating cycle as the control target in the control op-
eration described in reference to FIG. 5, the constriction
varying mechanism 3 may be controlled by detecting or
estimating whether or not pulsations have occurred.
[0078] Furthermore, while the embodiments have
been described by assuming that the pressure control
valve is an internal control-type valve, the pressure con-
trol valve may instead be configured as an external con-
trol valve that allows the pressure setting point to be al-
tered with an external force applied from, for instance, a
solenoid and, in such a case, the cooling capacity control
corresponding to the heat load in the refrigerating cycle
may be achieved via this external control valve instead
of the suction throttle valve. Under such circumstances,
more accurate capacity control and more reliable sup-

pression of pulsations may be achieved by issuing a com-
mand for engaging the suction throttle valve in operation
based upon whether or not pulsations have occurred.
[0079] Moreover, while the first and second embodi-
ments have been described by assuming that the suction
throttle valve is opened/closed along the direction match-
ing the direction of the intake gas flow or that the suction
throttle valve is a spool valve that opens/closes along the
direction perpendicular to the intake gas flow, the suction
passage may instead be constricted by rotating a butter-
fly valve by a predetermined angle via an external ad-
justment means.

EXPLANATION OF REFERENCE NUMERALS

[0080]

1 refrigerating cycle
2 control valve
3 constriction varying mechanism
4 compressor
5 condenser
6 expansion device
8 evaporator
21 cylinder block
22 valve plate
23 rear housing
25 front housing
37 cylinder bore
40 piston
44 swash plate
54 suction chamber
55 discharge chamber
60 suction port
61 suction passage
62 suction throttle valve
68 back pressure chamber
70 solenoid valve

Claims

1. A variable-capacity swash plate compressor, com-
prising:

- a housing;
- pistons that each moves reciprocally within a
cylinder bore formed at said housing;
- a crank chamber, a suction chamber and a
discharge chamber all formed within said hous-
ing;
- a shaft passing through said crank chamber
and rotatably supported at said housing;
- a swash plate that is housed in said crank
chamber and rotates as said shaft rotates there-
by causing said pistons to move reciprocally;
- a suction port formed at said housing, through
which a working fluid is taken in; and
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- a discharge port formed at said housing,
through which the working fluid is discharged,

wherein the working fluid taken in through said suc-
tion port is guided into the suction chamber via a
suction passage formed at said housing and then is
compressed by said pistons before being discharged
through the discharge port via said discharge cham-
ber,
characterized in that a suction throttle valve, which
adjusts the passage area of said suction passage
through which the coolant passes, is disposed in said
suction passage, and that said variable-capacity
swash plate compressor further includes an external
adjustment means for freely adjusting an opening
degree of said suction throttle valve in accordance
with a request issued from outside.

2. A variable-capacity swash plate compressor accord-
ing to claim 1, characterized in that said external
adjustment means is a solenoid valve that adjusts
the opening degree of said suction throttle valve by
adjusting the pressure in a back pressure chamber
of said suction throttle valve.

3. A variable-capacity swash plate compressor accord-
ing to claim 1, characterized in that said external
adjustment means directly controls the opening de-
gree of said suction throttle valve in accordance with
a request issued from outside.

4. An air-conditioning system achieved by connecting,
via a piping, a variable-capacity swash plate com-
pressor according to any one of claims 1 through 3,
with at least a condenser, an expansion device and
an evaporator so as to configure a refrigerating cycle,
characterized in that the variable-capacity swash
plate compressor further includes a pressure control
valve that controls the pressure in said crank cham-
ber based upon the pressure in the suction chamber;
and that said air-conditioning system is further
equipped with a suction throttle control means for
driving said external adjustment means in response
to a request issued on the vehicle side.
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