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(54) Control system for a variable displacement compressor

(57) In a control system of a variable displacement
compressor, a pressure sensing means mechanically
detects at least one pressure in the refrigerant circuit. A
varying means varies a reference value for positioning
a valve body. A pressure detector electrically detects the
pressure detected by the pressure sensing means in the
refrigerant circuit and/or physical quantity which corre-
lates with the detected pressure. A calculator calculates
a maximum value of urging force applied to the valve

body by the varying means toward an increasing side of
the displacement of the compressor. The urging force
applied to the valve body is controlled not to exceed the
maximum value toward the increasing side of the dis-
placement. The displacement of the compressor is max-
imized by the pressure sensing means under the pres-
sure for calculating the maximum value when the vary-
ing means applies urging force of the maximum value
to the valve body.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a control sys-
tem for adjusting displacement of a variable displace-
ment compressor of a refrigerant circuit (a refrigeration
cycle) in an air conditioner and is configured to optionally
vary the displacement, while refrigerant gas is com-
pressed by rotation of a drive shaft of the compressor.
[0002] As disclosed in page 7 to 11 and FIG. 3 of Un-
examined Japanese Patent Publication No.
2001-173556, a control system of the above type in-
cludes an external control valve having an electromag-
netic actuator in a pressure sensing valve. Namely, the
external control valve includes a valve body, a pressure
sensing member and the electromagnetic actuator. The
valve body optionally adjusts the opening degree of a
supply passage that interconnects a discharge chamber
of a variable displacement swash plate type compressor
(hereinafter, the compressor) and a crank chamber,
which is an accommodating chamber for accommodat-
ing a swash plate of the compressor. The pressure sens-
ing member mechanically detects pressure difference
between two pressure monitoring points located in a dis-
charge pressure region in a refrigerant circuit. The pres-
sure difference between the above two points reflects
the flow rate of refrigerant in the refrigerant circuit. The
pressure sensing member moves the valve body in such
a manner that the displacement of the compressor is
varied to cancel the variation of the pressure difference
between the above two points, that is, the variation of
the flow rate of refrigerant.
[0003] The above electromagnetic actuator varies
electromagnetic urging force (particularly, urging force
that resists against urging force applied to the valve
body by the pressure sensing member in a direction to
open the valve) applied to the valve body in a direction
to close the valve by electric power externally supplied
so that a set pressure difference between the two pres-
sure monitoring points is optionally varied. Incidentally,
the set pressure difference is a reference value for po-
sitioning the valve body by the pressure sensing mem-
ber. Namely, for example, as the electric power exter-
nally supplied to the electromagnetic actuator increas-
es, the electromagnetic actuator strengthens the elec-
tromagnetic urging force applied to the valve body and
increases the set pressure difference. On the contrary,
as the electric power externally supplied to the electro-
magnetic actuator decreases, the electromagnetic ac-
tuator weakens the electromagnetic urging force ap-
plied to the valve body and decreases the set pressure
difference.
[0004] The flow rate of refrigerant in the refrigerant cir-
cuit positively correlates with the displacement of the
compressor and the rotational speed of the vehicle en-
gine for driving the compressor. Generally, the maxi-
mum value of the set pressure difference, that is, the

maximum value of the electromagnetic urging force ap-
plied to the valve body by the electromagnetic actuator,
is predetermined at a flow rate of refrigerant that is op-
tionally performed in a state when the displacement of
the compressor is maximum and the engine is rotated
in a range of regular rotational speed. Accordingly, even
if the displacement of the compressor is maximum, the
flow rate of refrigerant corresponding to the maximum
set pressure difference is impossibly performed in a
state when the engine is rotated in a range of relatively
low rotational speed, which is close to an idling of the
engine.
[0005] An unwanted feature is that in a prior art since
the rotational speed of the engine is not reflected to cal-
culate the set pressure difference (the magnitude of
electric power supplied to the electromagnetic actuator),
the impossibly performed flow rate of refrigerant be-
tween the two pressure monitoring points is possibly or-
dered to the electromagnetic actuator in a state when
the engine is rotated at a range of relatively low rotation-
al speed. Accordingly, for example, when cooling is re-
quired, the set pressure difference ordered to the elec-
tromagnetic actuator largely deviates from the optionally
performed pressure difference between the two pres-
sure monitoring points at the moment in such a manner
that the set pressure difference is greater than the pres-
sure difference between the two pressure monitoring
points.
[0006] Even if the rotational speed of the compressor
rapidly increases due to the rapid acceleration of the ve-
hicle and tends to increase the flow rate of refrigerant in
the refrigerant circuit in the above state, the valve body
cannot leave from a fully-closed state until the flow rate
of refrigerant increases to correspond to the set pres-
sure difference ordered to the electromagnetic actuator.
Accordingly, it takes a relatively long time to initiate to
leave from the maximum displacement of the compres-
sor after the engine commences rapid increasing in ro-
tational speed. As a result, discharge pressure of the
compressor excessively increases so that a problem,
such as a trouble with the compressor or with a conduit
of the refrigerant circuit, has occurred.
[0007] Not only the above problem occurs in the con-
trol valve that has the pressure sensing member to
sense the pressure difference between the two monitor-
ing points in the refrigerant circuit, but also a similar
problem occurs in a control valve that has a pressure
sensing member to move by detecting at least one kind
of pressure in the refrigerant circuit. Namely, for exam-
ple, even if a control valve optionally varies set suction
pressure in such a manner that the pressure sensing
member senses pressure in a suction pressure region
in the refrigerant circuit, the set suction pressure or-
dered to the electromagnetic actuator is possibly set to
an excessively low value that is impossibly performed
in the state of relatively low rotational speed of the en-
gine at the moment when cooling is required.
[0008] Incidentally, a relief valve may be arranged in
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a discharge pressure region or a means may be em-
ployed for decreasing the displacement of the compres-
sor by detecting acceleration of the vehicle through an
acceleration pedal and the like. However, when the relief
valve is applied, the relief valve needs be exclusive so
that the number of components increases. When the
means for decreasing the displacement of the compres-
sor is applied, in a state when discharge pressure just
before rapid acceleration of the vehicle is relatively high,
an external control after detecting the rapid acceleration
is so late that the discharge pressure excessively in-
creases. Therefore, there is a need for a control system
that immediately decreases the displacement of a com-
pressor from the maximum and prevents an excessive
increase in discharge pressure when rotational speed
of the compressor rapidly increases.

SUMMARY OF THE INVENTION

[0009] In accordance with the present invention, a
control system for use in a variable displacement com-
pressor of a refrigerant circuit in an air conditioner has
a control valve, a pressure detector, a calculator and a
controller. The control valve includes a valve body, a
pressure sensing means and a varying means. The
pressure sensing means mechanically detects at least
one pressure of plural kinds of pressure in the refrigerant
circuit and moves the valve body in such a manner that
the displacement of the compressor is varied to cancel
variation of a detected pressure detected by the pres-
sure sensing means. The varying means varies a refer-
ence value for positioning the valve body by the pres-
sure sensing means. The pressure detector electrically
detects the pressure detected by the pressure sensing
means in the refrigerant circuit and/or physical quantity
which correlates with the pressure detected by the pres-
sure sensing means in the refrigerant circuit. The calcu-
lator calculates a maximum value which is a variation
limit of urging force applied to the valve body by the var-
ying means toward an increasing side of the displace-
ment of the compressor. The controller controls the var-
ying means in such a manner that the urging force ap-
plied to the valve body does not exceed the maximum
value toward the increasing side of the displacement of
the compressor. The displacement of the compressor is
maximized by the pressure sensing means under the
pressure for calculating the maximum value when the
varying means applies urging force of the maximum val-
ue to the valve body.
[0010] Furthermore, the present invention provides a
method for controlling a control valve for use in a varia-
ble displacement compressor of a refrigerant circuit in
an air conditioner of a vehicle. The compressor com-
presses refrigerant by rotation of a drive shaft of the
compressor, while displacement of the compressor is
optionally varied by the control valve. The control valve
has a solenoid portion which is externally controlled by
means of a duty control. The method includes detecting

at least one pressure of plural kinds of pressure in the
refrigerant circuit and/or physical quantity which corre-
lates with at least one pressure of plural kinds of pres-
sure in the refrigerant circuit, calculating a maximum du-
ty ratio for the duty control based upon a value detected
at the detecting step, further detecting temperature in a
passenger compartment of the vehicle, obtaining set
temperature for the passenger compartment, further
calculating a duty ratio for the duty control based upon
the detected temperature and the obtained set temper-
ature, actuating the solenoid portion by the maximum
duty ratio when the calculated duty ratio is greater than
the maximum duty ratio, and actuating the solenoid por-
tion by the calculated duty ratio when the calculated duty
ratio is equal to or smaller than the maximum duty ratio.
[0011] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, il-
lustrating by way of example the principles of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The features of the present invention that are
believed to be novel are set forth with particularity in the
appended claims. The invention together with objects
and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

FIG. 1 is a schematic longitudinal cross-sectional
view of a variable displacement compressor ac-
cording to a preferred embodiment of the present
invention;

FIG. 2 is a longitudinal cross-sectional view of a
control valve according to the preferred embodi-
ment of the present invention;

FIG. 3 is a graph showing relationship between a
first discharge pressure and a maximum duty ratio
according to the preferred embodiment of the
present invention;

FIG. 4A is a graph showing relationship between
rotational speed and maximum duty ratio according
to the preferred embodiment of the present inven-
tion;

FIG. 4B is a graph showing relationship between
rotational speed and maximum duty ratio according
to the preferred embodiment of the present inven-
tion;

FIG. 5 is a flow chart showing a process for control-
ling an air conditioner according to the preferred
embodiment of the present invention;
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FIG. 6A is a graph showing temporal transition of
rotational speed according to the preferred embod-
iment of the present invention;

FIG. 6B is a graph showing temporal transition of
maximum duty ratio according to the preferred em-
bodiment of the present invention; and

FIG. 6C is a graph showing temporal transition of
first discharge pressure and suction pressure ac-
cording to the preferred embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] A preferred embodiment of the present inven-
tion will now be described with reference to FIGs. 1
through 6C.
[0014] A vehicle air conditioner will now be described
at the beginning.
[0015] FIG. 1 illustrates a schematic longitudinal
cross-sectional view of a variable displacement com-
pressor CP according to a preferred embodiment of the
present invention. A refrigerant circuit (refrigeration cy-
cle) of the vehicle air conditioner includes the variable
displacement compressor CP (hereinafter the compres-
sor CP) and an external refrigerant circuit 1. The com-
pressor CP has a suction chamber 5 and a discharge
chamber 7. The external refrigerant circuit 1, for exam-
ple, includes a gas cooler 2, an expansion valve 3, an
evaporator 4, a first conduit 6 and a second conduit 8.
The first conduit 6 interconnects an outlet of the evapo-
rator 4 and the suction chamber 5 for fiowing refrigerant
gas. The second conduit 8 interconnects the discharge
chamber 7 and the gas cooler 2. A fixed throttle 8a is
provided in the second conduit 8. Incidentally, the pre-
ferred embodiment employs carbon dioxide as refriger-
ant.
[0016] The compressor CP introduces the refrigerant
gas that is introduced from the evaporator 4 to the suc-
tion chamber 5 through the first conduit 6, compresses
the refrigerant gas and discharges the compressed re-
frigerant gas to the discharge chamber 7. The com-
pressed refrigerant gas in the discharge chamber 7 is
sent to the gas cooler 2 through the second conduit 8.
[0017] The compressor CP will now be described.
The left side and the right side respectively correspond
to the front side and the rear side of the compressor CP
in FIG. 1. A housing of the compressor CP includes a
cylinder block 11, a front housing 12 and a rear housing
14. The front housing 12 is fixedly connected to the front
end of the cylinder block 11. The rear housing 14 is fix-
edly connected to the rear end of the cylinder block 11
through a valve port assembly 13.
[0018] A crank chamber 15 is defined in a space sur-
rounded by the cylinder block 11 and the front housing
12. A drive shaft 16 is rotatably supported by the cylinder

block 11 and the front housing 12 so as to extend
through the crank chamber 15. A lug plate 17 is fixedly
connected to the drive shaft 16 in the crank chamber 15
so as to rotate integrally with the drive shaft 16.
[0019] A swash plate or a cam plate 18 is accommo-
dated in the crank chamber 15. The swash plate 18 is
supported by the drive shaft 16 so as to be slidable and
inclinable relative to the drive shaft 16. A hinge mecha-
nism 19 is interposed between the lug plate 17 and the
swash plate 18. Accordingly, since the swash plate 18
is coupled to the lug plate 17 through the hinge mecha-
nism 19 and is supported by the drive shaft 16, the
swash plate 18 synchronously rotates with the lug plate
17 and the drive shaft 16 and is also inclinable relative
to the drive shaft 16 in accordance with sliding in an axial
direction of the drive shaft 16.
[0020] A plurality of cylinder bores 20 (only one of
them shown in FIG. 1) is defined in the cylinder block 11
so as to surround the drive shaft 16. A single-headed
piston 21 is accommodated in each cylinder bore 20 so
as to reciprocate. Compression chambers 22 are de-
fined in each of the cylinder bores 20, which vary in vol-
ume in accordance with the reciprocation of the respec-
tive pistons 21. Each of the pistons 21 engages with the
periphery of the swash plate 18 through a pair of shoes
23. The rotation of the swash plate 18 due to the rotation
of the drive shaft 16 is converted to the reciprocation of
the pistons 21.
[0021] The drive shaft 16 is operatively coupled to an
engine or an external drive source 25 for traveling a ve-
hicle through a power transmission mechanism 24. The
power transmission mechanism 24 may be a ciutch
mechanism (for example, an electromagnetic clutch),
which selectively transmits and disrupts power by an ex-
ternally electrical control, or may be a clutchless mech-
anism (for example, a combination of a belt and a pul-
ley), which continuously transmits power without the
clutch mechanism. Incidentally, the clutchless type pow-
er transmission mechanism 24 is employed in the pre-
ferred embodiment.
[0022] The suction chamber 5 and the discharge
chamber 7 are respectively defined in a space surround-
ed by the valve port assembly 13 and the rear housing
14. The refrigerant gas in the suction chamber 5 is in-
troduced into the compression chambers 22 through re-
spective suction ports 26 and respective suction valves
27 as each of the pistons 21 moves from a top dead
center to a bottom dead center. The suction ports 26
and the suction valves 27 are formed in the valve port
assembly 13. The refrigerant gas introduced in the com-
pression chambers 22 is compressed to a predeter-
mined pressure value as each of the pistons 21 moves
from the bottom dead center to the top dead center. The
compressed refrigerant gas is discharged to the dis-
charge chamber 7 through respective discharge ports
28 and respective discharge valves 29. The discharge
ports 28 and the discharge valves 29 are formed in the
valve port assembly 13.
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[0023] An inclination angle of the swash plate 18 is
optionally adjusted by varying relationship between
pressures in the compression chambers 22 and pres-
sure in the crank chamber 15 (crank pressure Pc), which
is applied to the front end of the pistons 21. In the pre-
ferred embodiment, the inclination angle of the swash
plate 18 is adjusted by actively varying the crank pres-
sure Pc.
[0024] The housing of the compressor CP includes a
bleed passage 30, a supply passage 31 and a control
valve 32. The bleed passage 30 interconnects the crank
chamber 15 and the suction chamber 5 (a suction pres-
sure region). The supply passage 31 interconnects the
discharge chamber 7 (a discharge pressure region) and
the crank chamber 15. The control valve 32 is arranged
in the supply passage 31.
[0025] A balance between an amount of compressed
refrigerant gas into the crank chamber 15 through the
supply passage 31 and an amount of refrigerant gas out
of the crank chamber 15 through the bleed passage 30
is controlled to determine the crank pressure Pc. A var-
iation of the inclination angle of the swash plate 18 due
to a variation of the crank pressure Pc adjusts the stroke
of the pistons 21, that is, the displacement of the com-
pressor CP.
[0026] For example, as the crank pressure Pc de-
creases by reducing an opening degree of the control
valve 32, the inclination angle of the swash plate 18 in-
creases so that the displacement of the compressor CP
increases. On the contrary, as the crank pressure Pc
increases by increasing the opening degree of the con-
trol valve 32, the inclination angle of the swash plate 18
decreases so that the displacement of the compressor
CP decreases. The swash plate 18 illustrated by a solid
line in FIG. 1 is in a state of the minimum displacement
of the compressor CP. In the minimum state, the crank
pressure Pc is substantially equal to the pressure in the
discharge chamber 7 (a first discharge pressure PdH).
The swash plate 18 illustrated by a two-dotted line in
FIG. 1 is in a state of the maximum displacement of the
compressor CP. In the maximum state, the crank pres-
sure Pc is substantially equal to the pressure in the suc-
tion chamber 5 (a suction pressure Ps).
[0027] The control valve 32 will now be described with
reference to FIG. 2. The upper side and the lower side
of FIG. 2 respectively correspond to the upper side and
the lower side of the control valve 32.
[0028] The control valve 32 includes a valve unit por-
tion 51 and a solenoid portion 52. The valve unit portion
51 is the upper half portion of the control valve 32, while
the solenoid portion 52 is the lower half portion of the
control valve 32. The valve unit portion 51 adjusts the
opening degree of the supply passage 31. The solenoid
portion 52 is a kind of electromagnetic actuators for con-
trollably urging a cylindrical rod 53 based upon a control
due to electric power externally supplied. The rod 53 is
arranged in the control valve 32 so as to slide in a vertical
direction of the control valve 32.

[0029] The valve unit portion 51 defines a valve hole
61 and a valve chamber 60. The valve hole 61 and the
valve chamber 60 partially constitute the supply pas-
sage 31. The valve hole 61 communicates with the dis-
charge chamber 7 through an upstream portion of the
supply passage 31. The valve chamber 60 communi-
cates with the crank chamber 15 through a downstream
portion of the supply passage 31.
[0030] The rod 53 is inserted through the valve cham-
ber 60 and the valve hole 61. A valve body portion 63,
which is formed in the rod 53, is arranged in the valve
chamber 60. The valve body portion 63 optionally ad-
justs the opening degree of the valve hole 61 based on
the position of the valve body portion 63 in the valve
chamber 60. For example, in a state when the rod 53 is
located at the lowest position (the state shown in FIG.
2), the valve body portion 63 fully opens the valve hole
61. On the contrary, in a state when the rod 53 is located
at the highest position, the valve body portion 63 fully
closes the valve hole 61.
[0031] In the valve chamber 60, the crank pressure
Pc is applied to a certain area of the end surface of the
valve body portion 63 downward. The certain area is ob-
tained by subtracting an area of aperture (a passing sec-
tional area) S2 of the valve hole 61 from a cross-sec-
tional area S3 of the rod 53.
[0032] A pressure sensing chamber 55 is defined
above the valve hole 61 in the valve unit portion 51. The
pressure sensing chamber 55 accommodates a pres-
sure sensing member 54, which is constituted of a bel-
lows. The upper end of the rod 53 is fitted to the lower
end of the pressure sensing member 54. In the preferred
embodiment, a pressure sensing means includes the
rod 53 and the pressure sensing member 54. The pres-
sure sensing chamber 55 is partitioned by the pressure
sensing member 54 into a high pressure chamber 56
and a low pressure chamber 57. The high pressure
chamber 56 is defined inside the pressure sensing
member 54, and the low pressure chamber 57 is defined
outside the pressure sensing member 54.
[0033] Pressure in the discharge chamber 7 (first dis-
charge pressure PdH) is applied to the high pressure
chamber 56 through a first pressure introducing pas-
sage 58. Pressure in a portion of the second conduit 8,
which is located closer to the gas cooler 2 than the fixed
throttle 8a, (second discharge pressure PdL) is applied
to the low pressure chamber 57. Accordingly, pressure
difference between the first discharge pressure PdH in
the high pressure chamber 56 and the second discharge
pressure PdL in the low pressure chamber 57 (first pres-
sure difference ∆P1 = PdH - PdL) is applied to urge the
rod 53 (the valve body portion 63) downward through
the pressure sensing member 54. Incidentally, spring
force (extension force) f1 of the pressure sensing mem-
ber 54 is also applied to urge the rod 53 downward.
[0034] The solenoid portion 52 includes a plunger
housing 71, which has a cylindrical shape, with a bottom
at lower end. A solenoid chamber 73 is defined in the
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plunger housing 71 by a fixed iron core 72, which is fitted
into the upper portion of the plunger housing 71. The
lower half portion of the rod 53 is inserted into a guide
hole 74 that extends through the fixed iron core 72. The
lower end of the rod 53 protrudes into the solenoid
chamber 73. A movable iron core 75 is fixedly fitted to
the protruded portion of the rod 53. Accordingly, the
movable iron core 75 and the rod 53 integrally move up
and down. A coil spring 76 is accommodated in the so-
lenoid chamber 73. Spring force f2 of the coil spring 76
is applied to the movable iron core 75 away from the
fixed iron core 72 and urges the rod 53 downward.
[0035] Since a slight clearance (not shown) is held be-
tween the guide hole 74 and the rod 53, the valve cham-
ber 60 communicates with the solenoid chamber 73
through the slight clearance. Accordingly, urging force
based upon the crank pressure Pc in the solenoid cham-
ber 73 is applied to the movable iron core 75 with a
cross-sectional area S3 of the rod 53 upward.
[0036] A coil 77 is wound around the fixed iron core
72 and the movable iron core 75, and extends from the
fixed iron core 72 to the movable iron core 75. The coil
77 is supplied with electric power from a drive circuit 82
based upon a command of an electrical control unit
(ECU) 81. The coil 77 generates electromagnetic attrac-
tion (electromagnetic urging force F), which corre-
sponds to the supplied electric power between the fixed
iron core 72 and the movable iron core 75. The electro-
magnetic urging force F urges the rod 53 (the valve body
portion 63) upward.
[0037] A control for supplying the coil 77 with electric
power may be an analog electric current control or may
be a duty control, which optionally varies a duty ratio Dt
when electric current is supplied with the coil 77. The
duty control is employed in the preferred embodiment.
The drive circuit 82 supplies the electric power of a pre-
determined duty ratio Dt based upon the command of
the ECU 81 with the coil 77. For example, as the duty
ratio Dt increases, the upward urging force applied to
the valve body portion 63 by the solenoid portion 52 is
strengthened so that the opening degree of the valve
body portion 63 tends to reduce. On the contrary, as the
duty ratio Dt reduces, the electromagnetic urging force
F is weakened so that the opening degree of the valve
body portion 63 tends to increase. In summary, the duty
ratio Dt for driving the solenoid portion 52 positively cor-
relates with the displacement of the compressor CP.
[0038] Accordingly, the control valve 32 positions the
rod 53 (the valve body portion 63) at a position that sat-
isfies the following expression 1.

[0039] S1 denotes an efficient pressure sensing area
of the pressure sensing member 54 in the pressure
sensing chamber 55. The spring forces f1, f2, the effi-
cient pressure sensing area S1 and the area of aperture

(PdH - PdL)(S1 - S2) + (PdH - Pc)S2 + f1 + f2 = F

S2 are definitely determined as parameters at a stage
of mechanical engineering. The electromagnetic urging
force F is a variable parameter, which varies with the
magnitude of electric power supplied to the coil 77. Ac-
cordingly, the coil 77 serves as a varying means.
[0040] As clearly indicated by the expression 1, in the
control valve 32, the pressure sensing means (the rod
53, the pressure sensing member 54) positions the rod
53 (the valve body portion 63) due to resultant force
based upon the first pressure difference ∆P1 (= PdH -
PdL) and the second pressure difference ∆ P2 (= PdH
- Pc). In other words, the pressure sensing means (the
rod 53, the pressure sensing member 54) detects plural
kinds of pressure (Pc, PdH, PdL) in the refrigerant cir-
cuit. The valve body portion 63 moves not only due to
the variation of the first pressure difference ∆P1 but also
due to the variation of the second pressure difference
∆P2.
[0041] Namely, in the control valve 32, the electro-
magnetic urging force F from the solenoid portion 52 de-
termines relationship between the first pressure differ-
ence ∆P1 and the second pressure difference ∆P2, and
the pressure sensing means (the rod 53, the pressure
sensing member 54) positions the valve body portion 63
so as to maintain the relationship between the first pres-
sure difference ∆P1 and the second pressure difference
∆P2. In other words, the valve body portion 63 is posi-
tioned by the pressure sensing means in such a manner
that the displacement of the compressor CP is varied to
cancel the variations of the first and second pressure
differences ∆P1, ∆P2 in accordance with the variations
of the pressures (PdH, PdL) in the refrigerant circuit and
the variation of the crank pressure Pc.
[0042] For example, as the flow rate of refrigerant in
the refrigerant circuit increases due to an increase in
rotational speed Nc of the drive shaft 16, pressure loss
at the fixed throttle 8a increases so that the first pressure
difference ∆P1 between both sides (the upstream and
downstream sides) of the fixed throttle 8a increases.
Furthermore, the first discharge pressure PdH increas-
es due to flow resistance at the fixed throttle 8a. Addi-
tionally, as the flow rate of refrigerant increases, pres-
sure in the evaporator 4 decreases so that the suction
pressure Ps tends to decrease. Namely, an increase in
the first discharge pressure PdH and a decrease in the
suction pressure Ps increase the second pressure dif-
ference ∆ P2. At the moment, the left side of the expres-
sion 1 becomes larger than the right side of the expres-
sion 1 so as to lose a balance between the left side and
the right side of the expression 1.
[0043] When the left side of the expression 1 is larger
than the right side of the expression 1 to lose the balance
between the left side and the right side of the expression
1, the control valve 32 autonomously increases the
opening degree of the valve so as to keep the balance
between the left side and the right side of the expression
1 and functions to raise the crank pressure Pc. An in-
crease in the crank pressure Pc decreases the displace-
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ment of the compressor CP. As the flow rate of refriger-
ant decreases due to a decrease in the displacement of
the compressor CP, the first discharge pressure PdH de-
creases. That is; the control valve 32 autonomously pre-
vents excessive first discharge pressure PdH.
[0044] Additionally, the control valve 32 varies the
electromagnetic urging force F applied to the valve body
portion 63 by the solenoid portion 52 based upon a com-
mand from the ECU 81 so as to vary a reference value
for positioning the valve body portion 63 by the pressure
sensing means (the rod 53, the pressure sensing mem-
ber 54).
[0045] Incidentally, since the crank chamber 15 does
not constitute a main refrigerant passage in the refrig-
erant circuit, the crank pressure Pc is strictly not regard-
ed as pressure in the refrigerant circuit. However, as de-
scribed above, the crank pressure Pc substantially
equals the suction pressure Ps when the displacement
of the compressor CP is maximum. Accordingly, in a
state when the displacement of the compressor CP is
maximum, the pressure sensing means (the rod 53, the
pressure sensing member 54) is detecting the suction
pressure Ps in the refrigerant circuit.
[0046] A control system of the control valve 32 will
now be described.
[0047] As shown in FIG. 2, the ECU 81 is an electronic
control unit and constitutes a calculator for calculating
and a controller. The ECU 81 is similar to a computer
that is provided with a central processing unit (CPU), a
read only memory (ROM), a random access memory
(RAM) and an input-output interface (I/O interface). An
input terminal of I/O is connected to an external infor-
mation detector 83, and an output terminal of I/O is con-
nected to the drive circuit 82 of the control valve 32. The
ECU 81 calculates an appropriate duty ratio Dt based
upon various external information sent from the external
information detector 83 and sends a command to the
drive circuit 82 to actuate the solenoid portion 52 by the
calculated duty ratio Dt.
[0048] The external information detector 83 includes
a suction pressure sensor 84, a discharge pressure sen-
sor 85 and a rotational speed sensor 86. The pressure
sensing means (the rod 53, the pressure sensing mem-
ber 54) of the control valve 32 mechanically detects the
suction pressure Ps when the displacement of the com-
pressor CP is maximum. Then, the suction pressure
sensor 84 electrically detects the suction pressure Ps
that is mechanically detected by the control valve 32.
The discharge pressure sensor 85 electrically detects
the first discharge pressure PdH that is mechanically de-
tected by the pressure sensing means (the rod 53, the
pressure sensing member 54). The rotational speed Nc
of the drive shaft 16 correlates with the first pressure
difference ∆P1 that is mechanically detected by the
pressure sensing means (the rod 53, the pressure sens-
ing member 54). The rotational speed sensor 86 elec-
trically detects the rotational speed Nc of the drive shaft
16. In summary, the suction pressure sensor 84, the dis-

charge pressure sensor 85 and the rotational speed
sensor 86 serve as a pressure detector.
[0049] The external information detector 83 includes
a temperature setting device 87, a temperature sensor
88 and an air conditioner switch 89. A passenger of a
vehicle sets a temperature in a passenger compartment
by the temperature setting device 87. Temperature in
the passenger compartment is detected by the temper-
ature sensor 88.
[0050] The ECU 81 calculates a duty ratio Dtp based
upon information from the temperature setting device 87
and the temperature sensor 88. In other words, the ECU
81 compares a detected temperature detected by the
temperature sensor 88 with a set temperature set by the
temperature setting device 87. The ECU 81 increases
or decreases the duty ratio Dtp to cancel difference be-
tween the detected temperature and the set tempera-
ture. For example, when the detected temperature is
higher than the set temperature, the duty ratio Dtp is
increased. Accordingly, the electromagnetic urging
force F of the solenoid portion 52 increases to decrease
the opening degree of the valve body portion 63 so that
the displacement of the compressor CP is increased.
On the contrary, when the detected temperature is lower
than the set temperature, the duty ratio Dtp is de-
creased. Accordingly, the electromagnetic urging force
F of the solenoid portion 52 is decreased to increase the
opening degree of the valve body portion 63, so that the
displacement of the compressor CP is decreased.
[0051] The ECU 81 calculates a maximum value (a
maximum duty ratio Dtmax) or a limit value, which is a
variation range limit of the duty ratio Dt to increase the
displacement of the compressor CP, from a preset func-
tion f(Ps, PdH, Nc) based upon information (Ps, PdH,
Nc) detected by the suction pressure sensor 84, the dis-
charge pressure sensor 85 and the rotational speed
sensor 86. When the solenoid portion 52 is actuated at
the maximum duty ratio Dtmax, the displacement of the
compressor CP is maximized by the pressure sensing
means (the rod 53, the pressure sensing member 54)
of the control valve 32 in a state when the pressures
(Ps, PdH) and the rotational speed Nc are utilized for
calculating the maximum duty ratio Dtmax.
[0052] The ECU 81 calculates the maximum duty ratio
Dtmax in view of reliably performing the maximum dis-
placement of the compressor CP and reducing the duty
ratio Dt for actuating the solenoid portion 52. According-
ly, the function f(Ps, PdH, Nc) is set to calculate the max-
imum duty ratio Dtmax, which is greater than a minimum
duty ratio Dt for maximizing the displacement of the
compressor CP, in view of detection error of each sensor
84, 85, 86, the movement of the rod 53 due to vibration
of a vehicle and the like. The ECU 81 sets the maximum
duty ratio Dtmax as a maximum value and increases or
decreases the duty ratio Dt for actuating the solenoid
portion 52 so as not to exceed the maximum duty ratio
Dtmax.
[0053] Namely, the ECU 81 obtains all of the pres-
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sures (Ps (Pc), PdH, PdL) detected by the pressure
sensing means (the rod 53, the pressure sensing mem-
ber 54) of the control valve 32. Incidentally, the crank
pressure Pc substantially equals the suction pressure
Pc when the displacement of the compressor CP is max-
imum. Therefore, in this state, plural kinds of pressure
detected by the pressure sensing means (the rod 53,
the pressure sensing member 54) of the control valve
32 are the suction pressure Ps, the first discharge pres-
sure PdH and the second discharge pressure PdL
[0054] Obtaining the above pressures, the ECU 81
optionally obtains a boundary between a range of the
electromagnetic urging force F of the solenoid portion
52 for maximizing the displacement of the compressor
CP and a range of the electromagnetic urging force F
for not maximizing the displacement of the compressor
CP. The boundary is minimum electromagnetic urging
force F for maximizing the displacement of the compres-
sor CP. Based upon the obtained boundary, the ECU 81
optionally calculates a maximum value of the electro-
magnetic urging force F close to the boundary, that is,
the maximum duty ratio Dtmax, and controls the duty
ratio Dt in such a manner that the electromagnetic urg-
ing force F of the solenoid portion 52 does not largely
exceed the boundary toward a side of the maximum dis-
placement.
[0055] The function f(Ps, PdH, Nc) is an approximate
expression that is determined with experimental value
based upon an expression where "Ps" is substituted for
"Pc" of the expression 1 to meet the requirement of the
maximum displacement of the compressor CP. FIG. 3 is
an experimental result showing relationship between
the first discharge pressure PdH and the maximum duty
ratio Dtmax according to the preferred embodiment of
the present invention. Each plot "◊", "♦", "∆", "m" is an
observed value in the graph and each shows different
combinations of the suction pressure Ps and the rota-
tional speed Nc. Identically, in the same plot, the suction
pressure Ps and the rotational speed Nc are fixed. Mag-
nitude relation of the suction pressure Ps among the
plots "O", "♦", "∆", "m" is "m" = "♦" < "∆" < "◊", Magnitude
relation of the rotational speed Nc among the plots "◊",
"♦", "∆", "m" is "◊" = "♦" < "∆" = "m".
[0056] According to FIG. 3, the following relationships
are read. The higher first discharge pressure PdH re-
quires the maximum duty ratio Dtmax to be set higher.
The lower suction pressure Ps requires the maximum
duty ratio Dtmax to be set higher. The higher rotational
speed Nc requires the maximum duty ratio Dtmax to be
set higher. In the same group of plots, a line passing on
each of the plots and/or near the plots is defined as an
approximate expression of each group of plots. The
function f(Ps, PdH, Nc) is determined based upon the
approximate expression of each group of plots and dif-
ference of set conditions of the suction pressure Ps and/
or the rotational speed Nc among each group of plots.
[0057] The function f(Ps, PdH, Nc) determined in the
above manner has a relational characteristic (a relation-

al characteristic between the rotational speed Nc and
the maximum duty ratio Dtmax) such as characteristic
curve shown in FIGs. 4A and 4B.
[0058] Each characteristic curve exemplified in FIG.
4A is in a state when each suction pressure Ps equals
to one another and each first discharge pressure PdH
differs from one another. The upper characteristic curve
has a greater first discharge pressure PdH than the low-
er characteristic curve. Pressure difference (difference
of the first discharge pressure PdH) between each co-
adjacent characteristic curves equals one another. In
other words, if each suction pressure Ps equals one an-
other, the higher first discharge pressure PdH causes
the higher maximum duty ratio Dtmax relative to the
same rotational speed Nc. In the coadjacent character-
istic curves, difference between each maximum duty ra-
tio Dtmax relative to the rotational speed Nc, that is, a
vertical interval between the coadjacent characteristic
curves in FIG. 4A is substantially constant despite high
and low of the first discharge pressure PdH.
[0059] Each characteristic curve exemplified in FIG.
4B is in a state when each first discharge pressure PdH
equals one another and each suction pressure Ps differs
from one another. The lower characteristic curve has a
greater suction pressure Ps than the upper characteris-
tic curve. Pressure difference (difference of the suction
pressure Ps) between each coadjacent characteristic
curves equals one another. In other words, if each first
discharge pressure PdH equals one another, the lower
suction pressure Ps causes the higher maximum duty
ratio Dtmax relative to the same rotational speed Nc. In
the coadjacent characteristic curves, difference be-
tween each maximum duty ratio Dtmax relative to the
rotational speed Nc, that is, a vertical interval between
the coadjacent characteristic curves in FIG. 4B is sub-
stantially constant despite high and low of the suction
pressure Ps.
[0060] Each characteristic curve of FIGs. 4A and 4B
illustrates that the higher rotational speed Nc has a
greater maximum duty ratio Dtmax. The higher rotation-
al speed Nc has a greater increasing tendency of the
maximum duty ratio Dtmax. In the function f(Ps, PdH,
Nc) for determining the maximum duty ratio Dtmax, this
indicates that the variation of the rotational speed Nc
much influences than that of other input parameters
within the input parameters (the suction pressure Ps, the
discharge pressure PdH and the rotational speed Nc).
[0061] A control of the air conditioner by the ECU 81
will now be described.
[0062] FIG. 5 is a flow chart illustrating a process for
controlling the air conditioner. As the air conditioner
switch 89 is turned on, the ECU 81 initiates to process
a previously stored program. The ECU 81 repeatedly
exerts processing a control of the air conditioner as far
as the air conditioner switch 89 is in an ON-state.
[0063] At a step (hereinafter, S) 101, the ECU 81 cal-
culates a maximum duty ratio Dtmax by the previously
stored function f(Ps, PdH, Nc) based upon information
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(Ps, PdH, Nc) detected by the suction pressure sensor
84, the discharge pressure sensor 85 and the rotational
speed sensor 86, respectively.
[0064] At S102, the ECU 81 stores the currently cal-
culated maximum duty ratio Dtmax as a latest value in
a storage region of the RAM. The storage region of the
RAM for the maximum duty ratio Dtmax optionally stores
a plurality of maximum duty ratios Dtmax (predeter-
mined number of stored maximum duty ratios Dtmax)
by allocating the maximum duty ratios Dtmax in order in
which the maximum duty ratios Dtmax are calculated.
Every time a current maximum duty ratio Dtmax is cal-
culated, an earliest value is deleted and a second ear-
liest value calculated subsequently after the above ear-
liest value is determined as a new earliest value. Inci-
dentally, as the air conditioner switch 89 is turned off,
the storage region for the maximum duty ratio Dtmax is
cleared. Additionally, since the storage region of the
RAM for the maximum duty ratio Dtmax is blank when
the air conditioner switch 89 is turned on, an initially cal-
culated maximum duty ratio Dtmax is stored as an ear-
liest value through a latest value only when the initial
maximum duty ratio Dtmax is calculated.
[0065] At S103, the ECU 81 calculates a duty ratio Dtp
based upon set temperature information from the tem-
perature setting device 87 and detected temperature in-
formation from the temperature sensor 88. At S104, the
ECU 81 reads the earliest value of the maximum duty
ratio Dtmax from the stored region of the RAM for the
maximum duty ratio Dtmax, that is, the maximum duty
ratio Dtmax calculated based upon the information (Ps,
PdH, Nc) that are detected predetermined time before.
At S105, the ECU 81 judges whether or not the calcu-
lated duty ratio Dtp is greater than the read maximum
duty ratio Dtmax.
[0066] When the judgement of the S105 is YES, that
is, when the calculated duty ratio Dtp is greater than the
read maximum duty ratio Dtmax, the ECU 81 sends a
command to the drive circuit 82 to actuate the solenoid
portion 52 with the read maximum duty ratio Dtmax at
S106. On the contrary, when the judgement of the S105
is NO, that is, when the calculated duty ratio Dtp is equal
to or smaller than the read maximum duty ratio Dtmax,
the ECU 81 sends a command to the drive circuit 82 to
actuate the solenoid portion 52 with the calculated duty
ratio Dtp at S107.
[0067] According to the preferred embodiment, the
following advantageous effects are obtained.

(1) The ECU 81 obtains all kinds of pressure detect-
ed by the pressure sensing means (the rod 53, the
pressure sensing member 54) in the refrigerant cir-
cuit, so that the ECU 81 optionally obtains a bound-
ary between a region of the electromagnetic urging
force F for maximizing the displacement of the com-
pressor CP and a region of the electromagnetic urg-
ing force F for not maximizing the displacement of
the compressor CP. Based upon the obtained

boundary, the ECU 81 optionally calculates a max-
imum value of the electromagnetic urging force F
close to the boundary (the maximum duty ratio Dt-
max) and controls the electromagnetic urging force
F of the solenoid portion 52 so as not to largely ex-
ceed the boundary toward a side of the maximum
displacement.

For example, the duty ratio Dt for actuating the
solenoid portion 52 is determined to be the maxi-
mum duty ratio Dtmax due to cooling down and the
like. Accordingly, the electromagnetic urging force
F applied to the valve body portion 63 by the sole-
noid portion 52 is maximum within a limited range,
and the displacement of the compressor CP is max-
imum. In this state, as the rotational speed Nc of the
compressor CP (the drive shaft 16) rapidly increas-
es due to rapid acceleration of a vehicle and the like,
the pressures (Ps, PdH, PdL) in the refrigerant cir-
cuit vary so that relationship between the first pres-
sure difference ∆P1 and the second pressure differ-
ence ∆P2, which are detected by the pressure sens-
ing means (the rod 53, the pressure sensing mem-
ber 54), is varied. Even if the relationship between
the first pressure diiference ∆P1 and the second
pressure difference ∆P2 only slightly varies, the
electromagnetic urging force F (the maximum duty
ratio Dtmax) of the solenoid portion 52 before the
variation of the relationship is involved in a range
where the displacement of the compressor CP can-
not be maximized under relationship between a new
first pressure difference ∆P1 and a new second
pressure difference ∆P2. Therefore, the pressure
sensing means (the rod 53, the pressure sensing
member 54) quickly moves the valve body portion
63 toward a side for decreasing the displacement
of the compressor CP. Accordingly, the compressor
CP quickly leaves a state of the maximum displace-
ment so that an excessive increase in the first dis-
charge pressure PdH due to delay of the leaving of
the maximum displacement state is prevented.

(2) The ECU 81 regards the maximum duty ratio Dt-
max, which is calculated based upon the informa-
tion (Ps, PdH, Nc) detected predetermined time be-
fore, as an upper limit and controls the duty ratio Dt
of the solenoid portion 52. For example, when the
rotational speed Nc of the drive shaft 16 has a ten-
dency to increase, the maximum duty ratio Dtmax
calculated by the ECU 81 becomes smaller than a
maximum duty ratio Dtmax corresponding to the
pressure (Ps, PdH, PdL) detected by the pressure
sensing means (the rod 53, the pressure sensing
member 54) at the moment. Accordingly, when the
rotational speed Nc of the drive shaft 16 rapidly in-
creases, the movement of the valve body portion 63
is relatively early initiated toward a side for decreas-
ing the displacement of the compressor CP by the
pressure sensing means (the rod 53, the pressure
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sensing member 54) so that an excessive increase
in the first discharge pressure PdH is effectively pre-
vented.

Namely, for example, FIGs. 6A, 6B and 6C are
graphs showing temporal transition of the rotational
speed Nc, the maximum duty ratio Dtmax, the first
discharge pressure PdH and the suction pressure
Ps. Incidentally, a characteristic curve 131 shown
in FIG. 6C shows a temporal transition of the first
discharge pressure PdH. A characteristic curve 132
shows a temporal transition of the suction pressure
Ps.

In the preferred embodiment, a maximum duty
ratio Dtmax utilized for controlling the air conditioner
at t2 is calculated based upon the suction pressure
Ps, the first discharge pressure PdH and the rota-
tional speed Nc at t1, which is predetermined time
(t2-t1) before t2.

In other words, the maximum duty ratio Dtmax,
which corresponds to the pressure (Ps, PdH, PdL)
detected by the pressure sensing means (the rod
53, the pressure sensing member 54) at t1 in the
refrigerant circuit, is determined as an upper limit
value at t2. When the rotational speed Nc has a ten-
dency to increase, the maximum duty ratio Dtmax
determined as the upper limit value is smaller than
a maximum duty ratio Dtmax that corresponds to
the pressure (Ps, PdH, PdL) detected by the pres-
sure sensing means (the rod 53, the pressure sens-
ing member 54) at t2 in the refrigerant circuit. Ac-
cordingly, when the rotational speed Nc of the drive
shaft 16 increases, the solenoid portion 52 is actu-
ated in such a manner that a relatively small maxi-
mum duty ratio Dtmax is determined as an upper
limit value, so that the movement of the valve body
portion 63 toward a direction to open the valve, that
is, a decrease in the displacement of the compres-
sor CP is relatively early initiated after commence-
ment of rapid acceleration of a vehicle.

Incidentally, a maximum duty ratio Dtmax uti-
lized for controlling the air conditioner at t4 is also
calculated based upon the suction pressure Ps, the
first discharge pressure PdH and the rotational
speed Nc at t3, which is predetermined time (t4 - t3)
(= (t2-t1)) before t4. When the rotational speed Nc
of the drive shaft 16 has a tendency to decrease,
the maximum duty ratio Dtmax utilized for control-
ling the air conditioner at t4 is greater than a maxi-
mum duty ratio Dtmax that corresponds to the pres-
sure (Ps, PdH, PdL) detected by the pressure sens-
ing means (the rod 53, the pressure sensing mem-
ber 54) at t4 in the refrigerant circuit. However, when
the rotational speed Nc has a tendency to decrease,
the flow rate of refrigerant in the refrigerant circuit
shows a tendency to decrease in accordance with
a decrease in the rotational speed Nc. Accordingly,
for example, even if a duty ratio Dt (a maximum duty
ratio Dtmax) for actuating the solenoid portion 52 is

excessive at t4 so that the movement of the fully-
closed valve body portion 63 toward a direction to
open the valve delays due to a decrease in the ro-
tational speed Nc, an excessive increase in the first
discharge pressure PdH due to the delay does not
occur.

Incidentally, a characteristic curve 141 shown
in FIG. 6C illustrates a temporal transition of a first
discharge pressure PdH in a prior art, for which the
ECU 81 does not control a duty ratio Dt of the sole-
noid portion 52 by determining a maximum duty ra-
tio Dtmax as an upper limit value. The characteristic
curve 141 indicates that the first discharge pressure
PdH in the prior art excessively increases in com-
parison to the first discharge pressure PdH in the
preferred embodiment.

(3) The control valve 32 is configured in such a man-
ner that the duty ratio Dt for actuating the solenoid
portion 52 positively correlates with the displace-
ment of the compressor CP. Accordingly, the duty
ratio Dt for actuating the solenoid portion 52 is con-
trolled so as not to exceed the maximum duty ratio
Dtmax so that the magnitude of electric power sup-
plied to the solenoid portion 52 is restricted. Thus,
power consumption of the solenoid portion 52 is re-
duced and load on a vehicle battery, which is a pow-
er source of the solenoid portion 52, is reduced.
This leads to reducing in fuel consumption of a ve-
hicle.

(4) The ECU 81 calculates the maximum duty ratio
Dtmax based upon information of the rotational
speed Nc. The rotational speed sensor 86 is em-
ployed for detecting the rotational speed Nc in the
preferred embodiment. The information of the rota-
tional speed Nc is utilized for calculating the maxi-
mum duty ratio Dtmax so that the rotational speed
Nc of the drive shaft 16 may be obtained by utilizing
the information of the rotational speed of the engine
25, for example. In this state, the rotational speed
Nc is obtained without additionally providing the ro-
tational speed sensor 86 for detecting the rotational
speed Nc of the drive shaft 16.

(5) The pressure sensing means (the rod 53, the
pressure sensing member 54) of the control valve
32 moves the valve body portion 63 by detecting
plural kinds of pressure (Ps, PdH, PdL). The exter-
nal information detector 83 provides the ECU 81
with the detected information (Ps, PdH, Nc) related
to all kinds of pressure ( Ps, PdH, PdL), which are
detected by the pressure sensing means. Accord-
ingly, the ECU 81 improves accuracy for calculating
the maximum duty ratio Dtmax so that the maximum
duty ratio Dtmax is brought close to a boundary be-
tween a range of the electromagnetic urging force
F of the solenoid portion 52 for maximizing the dis-
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placement of the compressor CP and a range of the
electromagnetic urging force F for not maximizing
the displacement of the compressor CP as much as
possible.

When the rotational speed Nc of the drive shaft
16 rapidly increases, the movement of the valve
body portion 63 toward a side for decreasing the
displacement of the compressor CP is early initiat-
ed. As a result, an excessive increase in the first
discharge pressure PdH is effectively prevented. Al-
so, power consumption of the solenoid portion 52
is reduced.

(6) Carbon dioxide is employed as refrigerant in the
refrigerant circuit of the vehicle air conditioner.
When the carbon dioxide refrigerant is employed,
heat is possibly exchanged in a state when refrig-
erant is cooled in an excessive critical range, which
exceeds critical temperature of the refrigerant. Ac-
cordingly, the first discharge pressure PdH is more
than ten times greater than pressure when fluoro-
carbon refrigerant is employed so that load on the
compressor CP, a conduit and the like due to an ex-
cessive increase in the first discharge pressure PdH
becomes excessively large. Additionally, in the
above described structure, the rotational speed Nc
of the drive shaft 16 may directly influence on the
first discharge pressure PdH in comparison to the
structure employing fluorocarbon refrigerant. Ac-
cordingly, it is particularly effective to apply the
present invention to the preferred embodiment and
to prevent an excessive increase in the first dis-
charge pressure PdH.

[0068] The present invention is not limited to the
above embodiment but may be modified into the follow-
ing alternative embodiments.
[0069] In the preferred embodiment, the ECU 81 con-
trols the duty ratio Dt of the solenoid portion 52 by de-
termining the maximum duty ratio Dtmax, which is cal-
culated based upon information (Ps, PdH, Nc) detected
predetermined time before, as an upper limit value. In
alternative embodiments, a maximum duty ratio Dtmax
utilized for processing a control of the air conditioner em-
ploys a latest value, which is calculated in a process for
calculating the maximum duty ratio Dtmax. In this state,
in the calculating process, a plurality of the maximum
duty ratios Dtmax from the latest value to the earliest
value need not be stored so that consumption of the
storage region of the RAM is reduced.
[0070] In the preferred embodiment, the maximum
duty ratio Dtmax is calculated by means of the function
f(Ps, PdH, Nc). In alternative embodiments, a maximum
duty ratio is calculated by referring map data including
previously stored suction pressure Ps, first discharge
pressure PdH and rotational speed Nc as parameters.
[0071] In the preferred embodiment, the function f(Ps,
PdH, Nc) determines the first discharge pressure PdH

as a variable. In alternative embodiments, in the function
f(Ps, PdH, Nc), a function f(Ps, Nc) including a first dis-
charge pressure PdH as a fixed vaiue is utilized for cal-
culating the maximum duty ratio Dtmax. In this state, the
fixed value of the first discharge pressure PdH may be
a first discharge pressure PdH that is not allowed to ex-
ceed in the refrigerant circuit. Thus, the external infor-
mation detector 83 (the pressure sensing means) is sim-
plified by omitting the discharge pressure sensor 85. Ad-
ditionally, the function f(Ps, Nc) is simplified so that load
on the ECU 81 for operation is reduced when the max-
imum duty ratio Dtmax is calculated.
[0072] In the preferred embodiment, the rotational
speed Nc of the drive shaft 16 is detected by an exclu-
sive sensor. In alternative embodiments, an ECU for
controlling the engine 25 sends information of the rota-
tional speed of the engine 25 for controlling the engine
25 to the ECU 81, and the ECU 81 understands the ro-
tational speed Nc of the drive shaft 16 through the infor-
mation of the rotational speed of the engine 25.
[0073] In alternative embodiments to the preferred
embodiment, the rotational speed sensor 86 is omitted,
while a pressure sensor is provided for detecting the
second discharge pressure PdL. f(Ps, PdH, PdL) is de-
termined as a function, and the maximum duty ratio Dt-
max is calculated by the function f( Ps, PdH, PdL). Thus,
the ECU 81 directly obtains pressures (Ps, PdH, PdL)
related to positioning of the valve body portion 63 so that
a rather small maximum duty ratio Dtmax may be cal-
culated. Accordingly, power consumption of the sole-
noid portion 52 is further reduced.
[0074] In the preferred embodiment, the control valve
32 is configured in such a manner that the duty ratio Dt
for actuating the solenoid portion 52 positively corre-
lates with the displacement of the compressor CP. In al-
ternative embodiments, a control valve is configured in
such a manner that a duty ratio for actuating a solenoid
portion negatively correlates with the displacement of
the compressor CP. In this state, a calculator for calcu-
lating a limit value calculates a minimum duty ratio Dtmin
as a limit value, which is a variation limit of the duty ratio
Dt toward a side for increasing the displacement of the
compressor CP.
[0075] In the preferred embodiment, the pressure
sensing means (the rod 53, the pressure sensing mem-
ber 54) is configured to detect the first pressure differ-
ence ∆P1 and the second pressure difference ∆P2, and
to move the valve body portion 63 in such a manner that
the displacement of the compressor CP is varied to can-
cel the variations of the first pressure difference ∆P1 and
the second pressure difference ∆P2. In alternative em-
bodiments, a pressure sensing means is configured to
detect one of the first pressure difference ∆P1 and the
second pressure difference ∆P2 to position a valve
body.
[0076] In alternative embodiments to the preferred
embodiment, the present invention is applied to a con-
trol system for a variable displacement compressor that
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employs a control valve in which a set suction pressure
is variable.
[0077] In alternative embodiments to the preferred
embodiment, a control system of the present invention
is applied to a wobble type variable displacement com-
pressor or a double-headed piston type variable dis-
placement compressor.
[0078] Therefore, the present examples and embod-
iments are to be considered as illustrative and not re-
strictive, and the invention is not to be limited to the de-
tails given herein but may be modified within the scope
of the appended claims.
[0079] In a control system of a variable displacement
compressor, a pressure sensing means mechanically
detects at least one pressure in the refrigerant circuit. A
varying means varies a reference value for positioning
a valve body. A pressure detector electrically detects the
pressure detected by the pressure sensing means in the
refrigerant circuit and/or physical quantity which corre-
lates with the detected pressure. A calculator calculates
a maximum value of urging force applied to the valve
body by the varying means toward an increasing side of
the displacement of the compressor. The urging force
applied to the valve body is controlled not to exceed the
maximum value toward the increasing side of the dis-
placement. The displacement of the compressor is max-
imized by the pressure sensing means under the pres-
sure for calculating the maximum value when the vary-
ing means applies urging force of the maximum value
to the valve body.

Claims

1. A control system for use in a variable displacement
compressor of a refrigerant circuit in an air condi-
tioner, the compressor compressing refrigerant by
rotation of a drive shaft of the compressor, while dis-
placement of the compressor is variable, the control
system comprising a control valve, which includes
a vaive body, a pressure sensing means and a var-
ying means, a pressure detector, a calculator and a
controller, characterized in that the pressure sens-
ing means mechanically detects at least one pres-
sure of plural kinds of pressure in the refrigerant cir-
cuit, and the pressure sensing means moves the
valve body in such a manner that the displacement
of the compressor is varied to cancel variation of a
detected pressure detected by the pressure sens-
ing means, in that the varying means varies a ref-
erence value for positioning the valve body by the
pressure sensing means, in that the pressure de-
tector electrically detects the pressure detected by
the pressure sensing means in the refrigerant circuit
and/or physical quantity which correlates with the
pressure detected by the pressure sensing means
in the refrigerant circuit, in that the calculator cal-
culates a limit value which is a variation limit of urg-

ing force applied to the valve body by the varying
means toward an increasing side of the displace-
ment of the compressor, and in that the controller
controls the varying means in such a manner that
the urging force applied to the valve body does not
exceed the limit value toward the increasing side of
the displacement of the compressor, wherein the
displacement of the compressor is maximized by
the pressure sensing means under the pressure for
calculating the limit value when the varying means
applies urging force of the limit value to the valve
body.

2. The control system according to claim 1, wherein
the controller controls the varying means in such a
manner that the controller determines a limit value
calculated by the calculator based upon information
detected by the pressure detector predetermined
time before as a variation limit of the urging force
applied to the valve body.

3. The control system according to any one of claims
1 and 2, wherein the varying means includes an
electromagnetic actuator, the electromagnetic actu-
ator optionally varying electromagnetic urging force
applied to the valve body in response to supplied
electric power which is externally controlled by the
controller, the control valve being configured to vary
an opening degree of the valve body toward the in-
creasing side of the displacement of the compres-
sor as the electromagnetic urging force of the elec-
tromagnetic actuator increases.

4. The control system according to any one of claims
1 through 3, wherein the pressure sensing means
optionally detects pressure difference between two
pressure monitoring points located in the refrigerant
circuit, the pressure sensing means moving the
valve body based upon the variation of the pressure
difference between the two pressure monitoring
points in such a manner that the displacement of
the compressor is varied to cancel variation of the
pressure difference, rotational speed of a drive
shaft of the compressor correlating with the pres-
sure difference between the two pressure monitor-
ing points, the pressure detector detecting the rota-
tional speed of the drive shaft, the calculator calcu-
lating the limit value based upon information of the
rotational speed from the pressure detector.

5. The control system according to any one of claims
1 through 4, wherein the pressure sensing means
moving the valve body by detecting plural kinds of
pressure, the pressure detector providing the cal-
culator with detected information related to all kinds
of pressure detected by the pressure sensing
means.
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6. The control system according to any one of claims
1 through 5, wherein carbon dioxide is employed as
refrigerant in the refrigerant circuit.

7. The control system according to any one of claims
1 through 6, wherein the pressure detector in-
cludes:

a suction pressure sensor for detecting suction
pressure of the compressor;
a discharge pressure sensor for detecting dis-
charge pressure of the compressor; and
a rotational speed sensor for detecting rotation-
al speed of the drive shaft.

8. A method for controlling a control valve for use in a
variable displacement compressor of a refrigerant
circuit in an air conditioner of a vehicle, the com-
pressor compressing refrigerant by rotation of a
drive shaft of the compressor, while displacement
of the compressor is optionally varied by the control
vaive, the control valve having a solenoid portion
which is externally controlled by means of a duty
control, characterized by the steps of:

detecting at least one pressure of plural kinds
of pressure in the refrigerant circuit and/or
physical quantity which correlates with at least
one pressure of plural kinds of pressure in the
refrigerant circuit;
calculating a maximum duty ratio for the duty
control based upon a value detected at the de-
tecting step;
further detecting temperature in a passenger
compartment of the vehicle;
obtaining set temperature for the passenger
compartment;
further calculating a duty ratio for the duty con-
trol based upon the detected temperature and
the obtained set temperature;
actuating the solenoid portion by the maximum
duty ratio when the duty ratio is greater than the
maximum duty ratio; and
actuating the solenoid portion by the duty ratio
when the duty ratio is equal to or smaller than
the maximum duty ratio.

9. The method for controlling the control valve accord-
ing to claim 8, further characterized by:

storing the predetermined number of maximum
duty ratios by allocating the maximum duty ra-
tios in order in which the maximum duty ratios
are calculated;
determining an initially calculated maximum
duty ratio as an earliest value; and
determining a currently calculated maximum
duty ratio as a latest value in such a manner

that the earliest value is deleted and the second
earliest value is determined as a new earliest
value.

10. The method for controlling the control valve accord-
ing to any one of claims 8 and 9, wherein the value
detected at the detecting step includes suction
pressure of the compressor, first discharge pres-
sure of the compressor and rotational speed of the
drive shaft.

11. The method for controlling the control valve accord-
ing to claim 10, wherein the first discharge pressure
of the compressor is determined as a fixed value.

12. The method for controlling the control valve accord-
ing to any one of claims 10 and 11, wherein the ro-
tational speed of the drive shaft is obtained by ro-
tational speed of an engine of the vehicle.

13. The method for controlling the control valve accord-
ing to claim 8, wherein the value detected at the de-
tecting step includes suction pressure of the com-
pressor, first discharge pressure of the compressor
and second discharge pressure of the compressor.

14. The method for controlling the control valve accord-
ing to any one of claims 8 through 13, wherein the
maximum duty ratio is calculated by means of a
function including the value detected at the detect-
ing step.

15. The method for controlling the control valve accord-
ing to any one of claims 8 through 13, wherein the
maximum duty ratio is calculated by means of re-
ferring map data for the value detected at the de-
tecting step.
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