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(54) Problem determination device and control device for fluid device

(57) A problem determination device for a fluid de-
vice includes an object sensor for detecting an undesir-
able object in the fluid device and a determining section.
The object sensor includes a detecting portion provided
in the fluid device. The determining section determines

that the fluid device has a problem when the object sen-
sor detects an undesirable object. The problem deter-
mination device is capable of accurately determining
that the fluid device has a problem at a relatively early
stage of the problem.



EP 1 533 522 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to problem de-
termination devices for determining whether or not a flu-
id device has a problem and control devices including
such problem determination devices.
[0002] For example, as described in Japanese Exam-
ined Utility Model Publication No. 4-50465, a refrigerant
compressor provided in a refrigerant circuit of a vehicle
air conditioner includes a control device that determines
whether or not the compressor has a problem such as
deadlock (seizure). The control device controls the com-
pressor when it is determined that the compressor has
a problem.
[0003] More specifically, in order to determine wheth-
er or not the compressor has a problem, the control de-
vice is provided with a rotational speed sensor, or a lock
sensor, for detecting the rotational speed of the com-
pressor (the drive shaft of the compressor). If the differ-
ence between the rotational speed of the compressor,
which is detected by the rotational speed sensor, and
the speed of the engine, the drive source of the com-
pressor, is equal to or larger than a predetermined value,
the control device determines that the compressor has
a problem such as deadlock. The control device then
deactivates an electromagnetic clutch provided in a
power transmitting line between the engine and the
compressor. In this manner, the engine is prevented
from being affected by the compressor problem.
[0004] As has been described, the control device de-
termines whether or not the compressor has a problem
in correspondence with the rotational speed of the com-
pressor. However, if a problem is presented by the ro-
tational speed of the compressor, it is indicated that the
compressor is already in complete deadlock or a state
immediately before complete deadlock. In other words,
at this stage, the compressor problem is relatively se-
vere. Therefore, the control device must shutter the
power transmission between the engine and the com-
pressor such that the engine is prevented from being
affected by the compressor problem.
[0005] Further, some compressors are clutchless.
This type of compressor does not have an externally
controllable clutch mechanism such as an electromag-
netic clutch, which is disposed in a power transmitting
line between an engine and a compressor. The drive
shaft of the compressor is thus maintained in a driven
state as long as the engine is operating. Accordingly,
the conventional control device cannot be applied to the
clutchless compressors.
[0006] Instead, in the clutchless compressors, a
torque limiter is provided in the power transmitting line
between the engine and the compressor. The torque
limiter stops excessive torque from being transmitted to
the engine when the compressor is in deadlock. More
specifically, for example, a certain type of torque limiters

operates to rupture a portion of a power transmitting
member by means of the excessive torque.
[0007] However, it is difficult to preferably set a limit
torque for the torque limiters, which raises the cost
needed for the compressor. In other words, the torque
limiter must block the torque transmission immediately
after the torque of the compressor exceeds the limit
torque. Meanwhile, the torque limiter must reliably per-
mit the torque transmission as long as the torque of the
compressor remains smaller than the limit torque, even
in a range close to the torque limit. The limit torque thus
must be set in a precise manner, and such setting is
complicated.

SUMMARY OF THE INVENTION

[0008] Accordingly, it is an objective of the present in-
vention to provide a problem determination device for a
fluid device capable of accurately determining that the
fluid device has a problem at a relatively early stage of
the problem and a control device including this problem
determination device.
[0009] To achieve the foregoing and other objectives
and in accordance with the purpose of the present in-
vention, the invention provides a problem determination
device for a fluid device. The problem determination de-
vice includes an object sensor for detecting an undesir-
able object in the fluid device and a determining section.
The object sensor includes a detecting portion provided
in the fluid device. The determining section determines
that the fluid device has a problem when the object sen-
sor detects an undesirable object.
[0010] The invention also provides a control device.
The control device includes the above problem determi-
nation device and a displacement control section. The
fluid device is a variable displacement compressor. The
displacement control section decreases the displace-
ment of the compressor when the determining section
determines that the compressor has a problem.
[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 invention, together with objects and ad-
vantages thereof, may best be understood by reference
to the following description of the presently preferred
embodiments together with the accompanying drawings
in which:

Fig. 1 is a longitudinal cross-sectional view illustrat-
ing a piston type variable displacement compressor
according to a first embodiment of the present in-
vention;
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Fig. 2 is a diagram showing a detecting circuit of an
object sensor of the first embodiment;

Fig. 3 is an enlarged view showing a detecting por-
tion of an object sensor of a second embodiment;

Fig. 4 is a view showing the arrangement of a de-
tecting portion of an object sensor of a third embod-
iment;

Fig. 5 is a diagram showing a detecting circuit of an
object sensor of a fourth embodiment; and

Fig. 6 is a diagram showing a detecting circuit of an
object sensor of a fifth embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] A first embodiment of the present invention, or
a control device for a piston type variable displacement
compressor forming a refrigerant circuit of a vehicle air
conditioner, will hereafter be described.
[0014] First, the piston type variable displacement
compressor (hereinafter referred to simply as "compres-
sor"), which is a fluid device, will be explained.
[0015] Fig. 1 is a longitudinal cross-sectional view
showing the compressor. In Fig. 1, the left corresponds
to the front of the compressor, and the right corresponds
to the rear of the compressor. As illustrated in Fig. 1, the
compressor includes a housing assembly formed by a
cylinder block 11, a front housing member 12, and a rear
housing member 14, each of which serves as a housing
forming member. The front housing member 12 is con-
nected to a front end of the cylinder block 11. The rear
housing member 14 is connected to a rear end of the
cylinder block 11 through a valve plate assembly 13. The
cylinder block 11, the front housing member 12, and the
rear housing member 14 are securely fastened together
by means of a plurality of through bolts 15 (only one is
shown in the drawing).
[0016] In the housing assembly of the compressor, a
crank chamber 16 serving as a control chamber is de-
fined by the cylinder block 11 and the front housing
member 12. A portion of each of the through bolts 15 is
exposed in the crank chamber 16 such that the exposed
portions of the through bolts 15 are arranged along the
circumference of the crank chamber 16. A drive shaft
17 is rotationally supported by the cylinder block 11 and
the front housing member 12 such that the drive shaft
17 extends through the crank chamber 16. An engine
E, the drive source of the vehicle, is operationally con-
nected to the drive shaft 17 through a clutchless type
(constant operating type) power transmitting mecha-
nism PT. That is, as long as the engine E is operating,
the drive shaft 17 is constantly rotated by the power
transmitted from the engine E.
[0017] In the crank chamber 16, a rotor 18 is secured

to the drive shaft 17 such that the rotor 18 rotates inte-
grally with the drive shaft 17. The crank chamber 16 fur-
ther accommodates a substantially disk-like swash
plate 19 serving as a cam plate, which is formed of iron-
based metal material. The drive shaft 17 is passed
through the center of the swash plate 19. The drive shaft
17 thus supports the swash plate 19 to allow the swash
plate 19 to rotate integrally with the drive shaft 17 and
incline with respect to the drive shaft 17. A hinge mech-
anism 20 is disposed between the rotor 18 and the
swash plate 19.
[0018] The hinge mechanism 20 includes two rotor
projections 20a (the one that is on this side of the top
surface of the sheet of Fig. 1 is not shown) projecting
from a rear side of the rotor 18 and a swash plate pro-
jection 20b projecting from a front side of the swash
plate 19 toward the rotor 18. The distal end of the swash
plate projection 20b is arranged between the rotor pro-
jections 20a. This structure enables the rotor projections
20a and the swash plate projection 20b to transmit the
rotational force of the rotor 18 to the swash plate 19.
[0019] A cam section 21 is formed at the proximal end
of each of the rotor projections 20a. A cam surface 21a
is formed at a rear side of the cam section 21 facing the
swash plate 19. The distal end of the swash plate pro-
jection 20b is in contact with the cam surface 21a of the
cam section 21 in a manner slidable along the cam sur-
face 21a. The hinge mechanism 20 thus guides the
swash plate 19 to incline with respect to the drive shaft
17 by means of the distal end of the swash plate projec-
tion 20b that slides along the cam surface 21a toward
and away from the drive shaft 17.
[0020] A plurality of cylinder bores 22 extend through
the cylinder block 11 at constant angular intervals about
the axis L of the drive shaft 17, in a frontward-rearward
direction of the compressor (in a left-right direction as
viewed in Fig. 1). A single headed piston 23 is received
in each of the cylinder bores 22 and is allowed to recip-
rocate in the frontward-rearward direction. A rear open-
ing of each cylinder bore 22 is closed by a front side of
the valve plate assembly 13. A front opening of the cyl-
inder bore 22 is closed by the associated piston 23. A
compression chamber 24 is defined in each cylinder
bore 22 such that the volume of the compression cham-
ber 24 is changed in correspondence with the move-
ment of the associated piston 23. Each of the pistons
23 is connected to an outer circumferential portion of the
swash plate 19 through a pair of shoes 25 formed of
iron-based metal material. Accordingly, when the swash
plate 19 rotates integrally with the drive shaft 17 and
inclines along the axis L of the drive shaft 17, the pistons
23 are permitted to reciprocate linearly in the frontward-
rearward direction of the compressor.
[0021] A suction chamber 26, or a suction pressure
zone, and a discharge chamber 27, or a discharge pres-
sure zone, are defined in the housing assembly of the
compressor by the valve plate assembly 13 and the rear
housing member 14. The valve plate assembly 13 has
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a plurality of suction ports 28 and a plurality of suction
valve flaps 29. Each of the suction ports 28 and the as-
sociated one of the suction valve flaps 29 are located
between the corresponding one of the compression
chambers 24 and the suction chamber 26. Likewise, the
valve plate assembly 13 has a plurality of discharge
ports 30 and a plurality of discharge valve flaps 31. Each
of the discharge ports 30 and the associated one of the
discharge valve flaps 31 are located between the corre-
sponding one of the compression chambers 24 and the
discharge chamber 27.
[0022] Therefore, refrigerant gas is drawn from the
suction chamber 26 to each of the compression cham-
bers 24 through the corresponding suction port 28
opened by the associated suction valve flap 29, when
the associated piston 23 moves from the top dead cent-
er to the bottom dead center. The refrigerant gas is thus
compressed to a predetermined pressure when the pis-
ton 23 returns from the bottom dead center to the top
dead center. The gas is then discharged to the dis-
charge chamber 27 through the corresponding dis-
charge port 30 opened by the associated discharge
valve flap 31.
[0023] The displacement control mechanism of the
compressor will hereafter be described.
[0024] With reference to Fig. 1, a bleed passage 32,
a supply passage 33, and a control valve 34 are formed
in the housing assembly of the compressor. The bleed
passage 32 connects the crank chamber 16 to the suc-
tion chamber 26. The supply passage 33 connects the
discharge chamber 27 to the crank chamber 16. The
control valve 34 is provided in the supply passage 33.
[0025] The control valve 34 includes a valve housing
35 in which a valve chamber 38 and a valve hole 39 are
defined. The valve chamber 38 and the valve hole 39
define a portion of the supply passage 33 in the control
valve 34. The valve chamber 38 accommodates a valve
body 41 and a closing spring 42. The valve body 41 ad-
justs the opening area of the valve hole 39. The closing
spring 42 urges the valve body 41 in a direction closing
the valve hole 39.
[0026] An electromagnetic actuator 36 is connected
to the valve housing 35 and includes a fixed iron core
43, a movable iron core 44, a coil 45, and an opening
spring 46. The coil 45 is wound around the fixed iron
core 43 and the movable iron core 44. The opening
spring 46 urges the movable iron core 44 separately
from the fixed iron core 43. The urging force of the open-
ing spring 46 is transmitted to the valve body 41 through
the movable iron core 44 and a rod 47 connecting the
movable iron core 44 to the valve body 41. The valve
body 41 thus receives the urging force of the opening
spring 46 as force acting to open the valve hole 39. The
urging force of the opening spring 46 is much larger than
that of the closing spring 42.
[0027] The coil 45 of the electromagnetic actuator 36
is supplied with a drive current (for example, a DC cur-
rent) from an air conditioner ECU 48 through a valve

driver 49 in correspondence with air conditioning load.
This produces electromagnetic attractive force corre-
sponding to the amount of the drive current between the
fixed iron core 43 and the movable iron core 44, de-
creasing the urging force of the opening spring 46. Ac-
cordingly, the valve body 41 is positioned at a position
at which the force of the opening spring 46 is equilibrat-
ed with the force of the closing spring 42 acting against
the force of the opening spring 46, thus changing the
opening area of the valve hole 39, i.e., the opening size
of the control valve 34. In other words, the opening size
of the control valve 34 is adjusted by varying the amount
of the drive current supply from the valve driver 49 to
the coil 45.
[0028] Through adjustment of the opening size of the
control valve 34, the balance between the amount of the
relatively high pressure gas supplied to the crank cham-
ber 16 through the supply passage 33 and the amount
of the gas escaped from the crank chamber 16 through
the bleed passage 32 is controlled, such that the pres-
sure in the crank chamber 16 is adjusted. In this manner,
the difference between the pressure in the crank cham-
ber 16 and the pressure in each of the compression
chambers 24, which is brought about by the correspond-
ing piston 23, is changed. This changes the inclining an-
gle of the swash plate 19, thus adjusting the stroke of
each piston 23, or the displacement of the compressor.
[0029] If the drive current supply to the coil 45 of the
electromagnetic actuator 36 is increased, the opening
size of the control valve 34 is decreased, such that the
pressure in the crank chamber 16 is lowered. This in-
creases the inclining angle of the swash plate 19 and
thus the stroke of each piston 23, increasing the dis-
placement of the compressor.
[0030] In contrast, if the drive current supply to the coil
45 of the electromagnetic actuator 36 is decreased, the
opening size of the control valve 34 is increased, such
that the pressure in the crank chamber 16 is raised. This
decreases the inclining angle of the swash plate 19 and
thus the stroke of each piston 23, reducing the displace-
ment of the compressor. Further, if the drive current sup-
ply to the coil 45 becomes lower than a predetermined
value, positioning of the valve body 41 is affected only
by the force of the opening spring 46. That is, the control
valve 34 becomes fully open, and the displacement of
the compressor is minimized.
[0031] A problem determination device for determin-
ing whether or not the compressor has a problem, as
well as a control device including the problem determi-
nation device, will now be explained.
[0032] In the illustrated embodiment, the control de-
vice (the problem determination device) is formed by the
air conditioner ECU 48, which is a computer-like elec-
tronic control unit, and an object sensor 50 connected
to the ECU 48. The object sensor 50 includes a detect-
ing portion 51 provided in the crank chamber 16 of the
compressor for detecting'an undesirable object in the
crank chamber 16. If the object sensor 50 detects such
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object, the ECU 48 determines that the compressor has
a problem.
[0033] Fig. 2 is a diagram showing a detecting circuit
(an electric circuit) of the object sensor 50. As illustrated
in Fig. 2, the detecting portion 51 of the object sensor
50 includes an insulating substrate 52, a first contact 53,
and a second contact 54. More specifically, the first and
second contacts 53, 54 are printed on the substrate 52.
The contacts 53, 54 are each formed in a linear shape
on the substrate 52 and extend parallel with each other,
as spaced from each other at a predetermined interval.
[0034] An anode of a DC power supply 55 is connect-
ed to the first contact 53, and a cathode of the DC power
supply 55 is connected to the second contact 54 through
a resistor 56. The DC power supply 55 is formed by, for
example, a battery for driving the control valve 34 or an
electric system of the engine E. An output portion 57 is
connected to the resistor 56 in parallel. If the detecting
circuit of the object sensor 50 is closed and voltage is
applied to the resistor 56, the output portion 57 sends a
problem detecting signal to the ECU 48.
[0035] The output portion 57 and the resistor 56 are
accommodated in a case (not shown) such that the out-
put portion 57 and the resistor 56 are not exposed in the
crank chamber 16. The case is formed integrally with
the detecting portion 51 (the substrate 52). The output
portion 57 and the resistor 56 are thus secured to the
front housing member 12 by means of the case. How-
ever, the output portion 57 and the resistor 56 may be
secured directly to the substrate 52 or integrated in an
I/O of the ECU 48.
[0036] Further, for example, when the compressor is
operated in a relatively high load state such as an oper-
ational state corresponding to relatively high displace-
ment, the compression load acting on the swash plate
19 through the pistons 23 and the shoes 25 becomes
relatively high. In this state, lubrication may become in-
sufficient between the swash plate 19 and the shoes 25.
If the swash plate 19 and the shoes 25 are held in this
insufficiently lubricated state for a relatively long time, a
portion of the sliding surface(s) of the swash plate 19
(and the shoes 25) may exfoliate from the original sur-
face(s), such that the separated portion falls in the crank
chamber 16 as an undesirable object. As the rotor 18
and the swash plate 19 rotate and stir the atmosphere
in the crank chamber 16, the object moves freely in the
crank chamber 16.
[0037] When the object, which is conductive, reaches
the detecting portion 51 of the object sensor 50, the first
and second contacts 53, 54 are bridged to each other
such that the contacts 53, 54 are connected to each oth-
er. The detecting circuit of the object sensor 50 is thus
electrically closed, and the output portion 57 of the ob-
ject sensor 50 sends the problem detecting signal to the
ECU 48. In accordance with the problem detecting sig-
nal, the ECU 48 determines that the compressor has a
problem. The determining process corresponds to a
procedure executed by a determining section of the

problem determination device.
[0038] When determining that the compressor has a
problem, the ECU 48 instructs the valve driver 49 to sus-
pend the drive current supply to the control valve 34,
regardless of how great the air conditioning load is. If
the drive current supply to the control valve 34 is
stopped, the control valve 34 becomes fully open and
the displacement of the compressor is minimized. This
process corresponds to a procedure executed by a dis-
placement control section of the control device. More
specifically, if the displacement of the compressor is
minimized, the compression load acting on the swash
plate 19 through the pistons 23 and the shoes 25 is de-
creased, thus suppressing complete deadlock of the
compressor. In other words, the compressor problem is
prevented from becoming relatively severe.
[0039] Further, although not illustrated, a problem in-
dicating device (for example, a warning lamp) is con-
nected to the ECU 48. When the object sensor 50 de-
tects an object, the ECU 48 operates the problem indi-
cating device to indicate that the compressor has a prob-
lem and thus requires a checkup of the air conditioner.
[0040] The illustrated embodiment has the following
advantages.

(1) The detecting portion 51 of the object sensor 50
is deployed in the compressor for detecting an un-
desirable object in the compressor. When the object
sensor 50 detects an object, the air conditioner ECU
48 determines that the compressor has a problem.
Generally in the compressor, generation of an ob-
ject occurs at a relatively early stage of a problem
such as deadlock. Therefore, if it is determined that
the compressor has a problem based on the object
detection, the determination may be made accu-
rately and at a relatively early stage of the problem,
or before the problem becomes relatively severe.

(2) Generally in a piston type compressor, a prob-
lem such as deadlock is caused mainly by insuffi-
cient lubrication of the sliding portions between the
swash plate 19 and the shoes 25 in the crank cham-
ber 16. That is, exfoliation of a portion of such sliding
portions, or generation of an undesirable object in
the crank chamber 16, may occur at a first stage of
the problem. Therefore, since the detecting portion
51 of the object sensor 50 of the illustrated embod-
iment is provided in the crank chamber 16, the ECU
48 is allowed to detect the object and determine that
the compressor has a problem at a further early
stage of the problem.

(3) The detecting portion 51 of the object sensor 50
includes the first and second contacts 53, 54 form-
ing the detecting circuit of the object sensor 50.
More specifically, the object sensor 50 detects an
object when the object causes electric connection
between the first contact 53 and the second contact
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54. In other words, the detecting circuit of the de-
tecting portion 51 of the object sensor 50 is config-
ured in a simple manner, or is operated in a switch-
like manner through the conductivity of the object.
It is thus possible to reduce the cost for the object
detection and improve the detection accuracy.

(4) Each of the first and second contacts 53, 54 of
the detecting portion 51 is formed in a linear shape.
The contacts 53, 54 thus cover a relatively wide
range, making it possible to detect an object at a
further early stage of the compressor problem.

(5) The first and second contacts 53, 54 of the de-
tecting portion 51 are formed on the insulating sub-
strate 52. The contacts 53, 54 are thus relatively
easy to handle when assembling the compressor.
Further, the housing assembly of the compressor
may be easily and reliably insulated from the first
and second contacts 53, 54.

(6) In the illustrated embodiment, it is determined
whether or not the compressor has a problem at a
relatively early stage of the problem and accurately.
Thus, by decreasing the displacement of the com-
pressor for reducing the load acting on the com-
pressor when the ECU 48 determines the compres-
sor has a problem, complete deadlock of the com-
pressor is suppressed, or the problem is prevented
from becoming relatively severe, while the com-
pressor is allowed to be operated continuously.

[0041] Accordingly, the power transmitting mecha-
nism PT of the illustrated embodiment does not neces-
sarily have to include the torque limiter, which is gener-
ally installed in a clutchless compressor, making it un-
necessary to perform the complicated setting of the limit
torque. Further, since the compressor problem is pre-
vented from becoming relatively severe, excessive pro-
duction of undesirable objects does not occur in the
compressor. This prevents a failure from being caused
in any device of an external circuit due to an undesirable
object entering the external circuit from the compressor.
Also, since the compressor problem is stopped at a rel-
atively early stage, the origin of the undesirable object
or a cause of the problem may be identified easily when
the compressor is disassembled for maintenance or the
like. This leads to improvement of the compressor.
[0042] A second embodiment of the present invention
will now be described. In the following description, only
the components different from the corresponding ones
of the first embodiment will be explained. The same ref-
erence numerals are given to those components that
are same or similar as the corresponding components
of the first embodiment, and detailed explanations are
omitted.
[0043] With reference to Fig. 3, in the second embod-
iment, the first contact 53 of the object sensor 50 in-

cludes a plurality of (five, in this embodiment) linear por-
tions 53a and the second contact 54 includes a plurality
of (five, in this embodiment) linear portions 54a. The lin-
ear portions 53a, 54a are aligned parallel with one an-
other and spaced from adjacent ones at constant inter-
vals. The linear portions 53a of the first contact 53 and
the linear portions 54a of the second contact 54 are ar-
ranged on the substrate 52 in an alternating manner.
The contacts 53, 54 thus cover a relatively wide range,
making it possible to detect an object at a further early
stage of the compressor problem.
[0044] A third embodiment of the present invention
will now be described. In the following description, only
the components different from the corresponding ones
of the first embodiment will be explained. The same ref-
erence numerals are given to those components that
are same or similar as the corresponding components
of the first embodiment, and detailed explanations are
omitted.
[0045] Referring to Fig. 4, in the third embodiment, the
substrate 52 of the detecting portion 51 of the object
sensor 50 has a cylindrical shape. The through bolt 15
is passed through the substrate 52, thus supporting the
detecting portion 51 in the crank chamber 16. The de-
tecting portion 51 of the third embodiment is configured
identical to that of the second embodiment. That is, the
first and second contacts 53, 54 of the third embodiment
include a plurality of linear portions 53a, 54a.
[0046] In this manner, by using the through bolt 15
commonly for fastening the housing forming members
together and supporting the detecting portion 51 in the
housing assembly of the compressor, the number of
components of the control device can be reduced. Fur-
ther, in the third embodiment, the substrate 52 through
which the through bolt 15 is passed has a cylindrical
shape. Thus, as compared to the case in which the sub-
strate 52 is secured to the through bolt 15 using a spe-
cific securing member, the space for the detecting por-
tion 51 of the object sensor 50 is relatively small.
[0047] Although the substrate 52 may be formed in a
cylindrical shape originally, the substrate 52 may be
formed by a flexible sheet and wound around the
through bolt 15 for securing the substrate 52 to the
through bolt 15. If the substrate 52 is shaped cylindrical
originally, the shape of the substrate 52 is maintained in
a stable state such that the substrate 52 is relatively
easy to handle when securing the substrate 52 to the
through bolt 15. If the substrate 52 is formed by the flex-
ible sheet, the substrate 52, or the detecting portion 51,
may become relatively thin, further saving the space for
the detecting portion 51.
[0048] A fourth embodiment of the present invention
will now be described. In the following description, only
the components different from the corresponding ones
of the first embodiment will be explained. The same ref-
erence numerals are given to those components that
are same or similar as the corresponding components
of the first embodiment, and detailed explanations are
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omitted.
[0049] With reference to Fig. 5, in the fourth embodi-
ment, the control device (the problem determination de-
vice) is configured by electrically connecting the object
sensor 50, or the detecting portion 51, directly to the coil
45 of the control valve 34. Therefore, the air conditioner
ECU 48 is not involved in the problem detection for the
compressor or the compressor controlling in corre-
spondence with the problem detection. More specifical-
ly, the first contact 53 of the detecting portion 51 is con-
nected to a cable 60 connecting the valve driver 49 to
the control valve 34 (the coil 45). The second contact
54 of the detecting portion 51 is connected to a different
cable 62 connecting the valve driver 49 to the control
valve 34 (the coil 45) through a resistor 61. The resist-
ance value of the resistor 61 is sufficiently smaller than
that of the coil 45.
[0050] If the first contact 53 and the second contact
54 of the detecting portion 51 are bridged to each other
by an undesirable object, a relatively large amount of
drive current is supplied from the valve driver 49 to the
detecting portion 51. In other words, the actual amount
of the drive current flowing through the coil 45 of the
control valve 34 is smaller than the value instructed to
the valve driver 49 by the ECU 48 in correspondence
with the air conditioning load. Particularly, in the fourth
embodiment, the resistance value of the resistor 61 is
set such that the drive current supplied to the coil 45 of
the control valve 34 is substantially nullified if the first
and second contacts 53, 54 are bridged to each other
by an undesirable object (for example, if the resistance
value of the coil 45 is 10 Q, the resistance value of the
resistor 61 is set as 1 Q). Accordingly, if the object sen-
sor 50 detects an object, the control valve 34 becomes
fully open, such that the compressor displacement is
minimized.
[0051] Thus, in the fourth embodiment, the detecting
portion 51 of the object sensor 50 is electrically connect-
ed directly to the control valve 34 such that the amount
of the drive current supplied from the valve driver 49 to
the control valve 34 is decreased if an object is detected
by the object sensor 50. This structure corresponds to
the determining section of the problem determination
device and the displacement control section of the con-
trol device. As a result, if it is determined that the com-
pressor has a problem, the compressor displacement is
minimized autonomously without depending on an ex-
ternal determination or control means such as the air
conditioner ECU 48.
[0052] It is thus unnecessary to provide the output
portion 57 or the like in the object sensor 50 and a cable
connecting the detecting portion 51 to the DC power
supply 55. Therefore, the configuration of the device of
the fourth embodiment is simplified. Further, if the
present invention is applied to a known vehicle air con-
ditioner, it is unnecessary to change the program exe-
cuted by the air conditioner ECU 48.
[0053] A fifth embodiment of the present invention will

now be described. In the following description, only the
components different from the corresponding ones of
the first embodiment will be explained. The same refer-
ence numerals are given to those components that are
same or similar as the corresponding components of the
first embodiment, and detailed explanations are omit-
ted.
[0054] As illustrated in Fig. 6, in the fifth embodiment,
the first contact 53 of the object sensor 50 includes a
plurality of (three, in this embodiment) linear portions
53a and the second contact 54 includes a plurality of
(three, in this embodiment) linear portions 54a. The lin-
ear portions 53a of the first contact 53 and the linear
portions 54a of the second contact 54 are arranged on
the substrate 52 in an alternating manner. A plurality of
resistors 65 having equal resistance values are con-
nected to the corresponding ones of the linear portions
54a of the second contact 54. The resistors 65 are con-
nected to the cathode of the DC power supply 55
through a common output portion 66. That is, the resis-
tors 65 are arranged in parallel. If the detecting circuit
of the object sensor 50 is closed and a current flows
through the output portion 66, the output portion 66
sends a signal corresponding to the current to the air
conditioner ECU 48.
[0055] More specifically, when the first and second
contacts 53, 54 are bridged to each other by an unde-
sirable object, the amount of the current flowing through
the output portion 66 is varied depending on the number
of the resistors 65 through which the current flows. The
signal sent from the output portion 66 to the ECU 48 is
thus changed in accordance with the amount of the cur-
rent flowing through the output portion 66. If the signal
received by the ECU 48 indicates that the current flows
through two or more of the resistors 65, the ECU 48 de-
termines that the compressor has a problem and mini-
mizes the compressor displacement, thus avoiding an
excessively sensitive detection.
[0056] Further, in the fifth embodiment, the compres-
sor controlling when the ECU 48 determines that the
compressor has a problem is not restricted to the above-
described manner. For example, if the received signal
indicates that the current flows through two of the resis-
tors 65, the ECU 48 may reduce the drive current in-
struction to the valve driver 49 in correspondence with
the air conditioning load by a predetermined amount,
such that the compressor displacement becomes rela-
tively small (not minimum). However, if the signal indi-
cates that the current flows through three of the resistors
65, the ECU 48 may operate to minimize the compres-
sor displacement. In other words, the ECU 48 may de-
crease the compressor displacement in a stepped man-
ner for suppressing a quick minimization of the com-
pressor displacement, or a sudden stop of the air con-
ditioner, which is uncomfortable for vehicle users.
[0057] It should be apparent to those skilled in the art
that the present invention may be embodied in many
other specific forms without departing from the spirit or
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scope of the invention. Particularly, it should be under-
stood that the invention may be embodied in the follow-
ing forms.
[0058] In each of the illustrated embodiments, the ob-
ject sensor 50 includes the single detecting portion 51.
However, the object sensor 50 may include a plurality
of detecting portions 51 that are deployed at different
positions in the crank chamber 16. This arrangement
covers a relatively wide range in the crank chamber 16,
making it possible to detect an undesirable object at a
further early stage of a compressor problem.
[0059] If the arrangement is employed in any of the
first to third embodiments, each of the detecting portions
51 may have a separate resistor 56 and a separate out-
put portion 57. Alternatively, the detecting portions 51
may have a common resistor 56 and a common output
portion 57. If the resistors 56 and the output portions 57
are provided separately for the corresponding ones of
the detecting portions 51, the air conditioner ECU 48 de-
termines that the compressor has a problem when re-
ceiving an object detecting signal from at least one of
the output portions 57. However, the ECU 48 may be
changed to determine that the compressor has a prob-
lem only when two or more of the output portions 57
send detecting signals to the ECU 48. An excessive sen-
sitivity of the problem detection is thus avoided.
[0060] In each of the illustrated embodiments, the ob-
ject sensor 50 may include a magnet portion disposed
in the crank chamber 16 for attracting an undesirable
object to the detecting portion 51. For example, the sub-
strate 52 of the detecting portion 51 may be formed by
a non-conductive magnet. Alternatively, a magnet may
be secured to the substrate 52 at a position between the
first and second contacts 53, 54. In this manner, the ob-
ject may be detected at a relatively early stage of a com-
pressor problem. Further, since the magnet securely
holds the object, the object is prevented from being sep-
arated from the detecting portion 51 and thus causing a
problem at a separate position in the compressor.
[0061] In the illustrated embodiments, the detecting
portion 51 of the object sensor 50 is provided in the
crank chamber 16 of the compressor. However, the de-
tecting portion 51 of the object sensor 50 may be de-
ployed at a different location than the crank chamber 16,
or, for example, in the suction chamber 26 or the dis-
charge chamber 27.
[0062] In the first to third embodiments and the fifth
embodiment, the ECU 48 adjusts (decreases) the com-
pressor displacement based on the determination that
the compressor has a problem. However, the ECU 48
may simply operate the problem indicating device to in-
dicate that the compressor has a problem, without exe-
cuting the compressor controlling corresponding to the
problem detection.
[0063] In each of the illustrated embodiments, the
second contact 54 of the detecting portion 51 of the ob-
ject sensor 50 and the cathode of the DC power supply
55 may be connected to each other as grounded to the

housing assembly of the compressor or the vehicle
body.
[0064] The present invention is not restricted to the
application to the clutchless type compressor. The
present invention may be applied to a compressor hav-
ing a clutch including an externally controllable clutch
mechanism such as an electromagnetic clutch, serving
as the power transmitting mechanism PT. In this case,
when it is determined that the compressor has a prob-
lem, the compressor displacement may be reduced as
in the illustrated embodiments. Alternatively, the clutch
mechanism may be deactivated.
[0065] The present invention may be applied to differ-
ent types of piston type compressors other than the
swash plate type, including a wobble type and a wave
cam type of compressors.
[0066] The present invention may be applied to differ-
ent fluid devices other than the refrigerant compressors,
including hydraulic pumps and air compressors.
[0067] The present examples and embodiments are
to be considered as illustrative and not restrictive and
the invention is not to be limited to the details given here-
in, but may be modified within the scope and equiva-
lence of the appended claims.
[0068] A problem determination device for a fluid de-
vice includes an object sensor for detecting an undesir-
able object in the fluid device and a determining section.
The object sensor includes a detecting portion provided
in the fluid device. The determining section determines
that the fluid device has a problem when the object sen-
sor detects an undesirable object. The problem deter-
mination device is capable of accurately determining
that the fluid device has a problem at a relatively early
stage of the problem.

Claims

1. A problem determination device for a fluid device,
the problem determination device characterized
by:

an object sensor (50) for detecting an undesir-
able object in the fluid device, wherein the ob-
ject sensor includes a detecting portion (51)
provided in the fluid device; and
a determining section (48), which determines
that the fluid device has a problem when the
object sensor detects an undesirable object.

2. The problem determination device according to
claim 1, characterized in that wherein the fluid de-
vice is a piston type compressor having a crank
chamber (16), and the detecting portion is provided
in the crank chamber to detect an undesirable ob-
ject in the crank chamber.

3. The problem determination device according to
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claim 1 or 2, characterized in that the detecting
portion includes a first contact (53) and a second
contact (54), and the object sensor detects an un-
desirable object when the object causes electric
connection between the first contact and the sec-
ond contact.

4. The problem determination device according to
claim 3, characterized in that the object sensor in-
cludes a detecting circuit having the first contact
and the second contact, and the detecting circuit is
closed when the object causes electric connection
between the first contact and the second contact.

5. The problem determination device according to
claim 3 or 4, characterized in that the first and sec-
ond contacts are each formed in a linear shape and
extend parallel with each other, as spaced from
each other at a predetermined interval.

6. The problem determination device according to
claim 3 or 4, characterized in that the first and sec-
ond contacts each include a plurality of linear por-
tions (53a, 54a), and the linear portions of the first
contact and the linear portions of the second con-
tact are arranged in an alternating manner.

7. The problem determination device according to
claim 5 or 6, characterized in that the detecting
portion includes a substrate (52) on which the first
and second contacts are formed.

8. The problem determination device according to any
one of claims 1 to 6, characterized in that the fluid
device includes a housing assembly formed by a
plurality of housing forming members (11, 12, 14)
securely fastened together by means of a through
bolt (15), and the detecting portion is supported by
the through bolt.

9. The problem determination device according to
claim 8, characterized in that the object sensor
has a substrate (52) having a cylindrical shape on
which the detecting portion is formed, and the
through bolt is passed through the substrate to sup-
port the detecting portion.

10. The problem determination device according to any
one of claims 1 to 9, characterized in that the ob-
ject sensor includes a magnet portion disposed in
the fluid device for attracting an undesirable object
to the detecting portion.

11. The problem determination device according to any
one of claims 1 to 10, characterized in that the de-
tecting portion is one of a plurality of detecting por-
tions, and the object sensor includes the plurality of
detecting portions.

12. The problem determination device according to
claim 11, characterized in that the determining
section determines that the fluid device has a prob-
lem when at least two of the plurality of detecting
portions detects an undesirable object.

13. A control device for a fluid device, the control device
characterized by:

the problem determination device according to
any one of claims 1 to 12, wherein the fluid de-
vice is a variable displacement compressor;
and
a displacement control section (48), which de-
creases the displacement of the compressor
when the determining section determines that
the compressor has a problem.

14. The control device according to claim 13, charac-
terized in that the compressor includes:

a suction pressure zone (26) and a discharge
pressure zone (27);
a control chamber (16), which connects to the
suction pressure zone and the discharge pres-
sure zone; and
a control valve (34), which adjusts the pressure
in the control chamber so that the displacement
of the compressor is increased when a drive
current externally supplied to the control valve
is increased and the displacement of the com-
pressor is decreased when the drive current ex-
ternally supplied to the control valve is de-
creased, and
wherein the detecting portion is connected to
the control valve so that, when the object sen-
sor detects an undesirable object, the drive cur-
rent externally supplied to the control valve is
decreased.
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