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(54) Compressor

(57) This compressor includes housing members
that form a body; a drive shaft linked to a drive power
source via an electromagnetic clutch; movable members
moving in cooperation with the drive shaft and carrying
out the compression of a fluid; a detected body moving
in cooperation with the drive shaft; a drain bolt screwed
into a drain bolt hole provided in a housing member in
proximity to the detected body; and a detecting device

detecting the rotation state of the drive shaft by the de-
tected body. The drain bolt is provided with a permanent
magnet, the detecting device is structured by a magnetic
sensor thatincludes a magneticimpedance element, and
the magnetic sensor is provided at the head portion of
the drain bolt. Thereby, it is possible to provide a rotation
detecting mechanism by using an existing drain bolt,
without requiring the machining of a hole in the compres-
sor body.
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Description
[BACKGROUND OF THE INVENTION]
[Field of the Invention]

[0001] The present invention relates to compressors
for vehicle air conditioners, and in particular, relates to a
compressor that can be provided with a rotation detecting
mechanism that does not require the machining of a hole
in the compressor body only in order to provide the rota-
tion detecting mechanism, and that is compact and inex-
pensively manufactured.

[Description of the Related Art]

[0002] Conventionally, compressors for vehicle air
conditioners are known that are provided with a rotation
detecting mechanism in order to detect rotation malfunc-
tions due to seizing and the like. For example, as shown
inFIG. 19, inthis rotation detectingmechanism, a through
hole 102 is formed in a non-magnetic housing member
101, and a detecting sensor 104 is mounted in this
through hole 102 via an O-ring 103. In addition, the
change in the magnetic flux that flows from the magnet
106 to the core 107 accompanying the rotation of a de-
tected body 105 is converted to a voltage by a pickup
coil 108, and the detecting sensor 104 detects the result
as the rotational state.

However, in this conventional rotation detecting mecha-
nism, it is necessary to form the through hole 102 by
machining a hole in the housing member 101, and the
production cost of the compressor is thereby increased.
In addition, a sealing structure that uses the O-ring 103
is necessary, and this further increases the production
cost. Furthermore, there are problems in that, for exam-
ple, contaminants that adhere to the detecting sensor
104 may enter into the compressor, and there is thus the
possibility of seizing of the compressor.

[0003] Thus, conventional compressors that solve the
problems described above are known in which the de-
tecting sensor is provided on the outside of the housing
member, and the machining of a hole in the housing
member thereby becomes unnecessary (refer, for exam-
ple, to Japanese Patent Application Publication No. JP-
A-H6-299960 and Japanese Patent Application Publica-
tion No. JP-A-H8-319944).

Japanese Patent Application Publication No. JP-A-
H6-299960 and Japanese Patent Application Publication
No. JP-A-H8-319944 disclose structures that provide a
detector on the outside of the compressor body, and
forms a circulating magnetic circuit by causing a leakage
magnetic flux from an electromagnetic clutch to be con-
ducted in sequence from the drive shaft, to a rotating
substrate (detected body) that moves in cooperation with
this drive shaft, and then to bolts (fastening fixtures) that
hold the compressor body together. Changes in the mag-
netic flux between a bolt and the rotating substrate occur
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due to the periodic movement of the rotating substrate.
These changes in magnetic flux are then detected by the
detector, and the rotation speed of the compressor is
detected based on the detected result. Thereby, there is
the advantage that it is possible to achieve a high detec-
tion accuracy with a simple structure.

In addition, Japanese Patent Application Publication No.
JP-AHB8-319944 provides a permanent magnet for am-
plifying the magnetic flux changes in the housing member
in proximity to the detector. Thereby, there is the advan-
tage that it is possible to attain a higher detection accu-
racy than Japanese Patent Application Publication No.
JP-A-H6-299960.

[0004] However, in Japanese Patent Application Pub-
lication No. JP-A-H6-299960, the magnetic sensor is
placed at the head portion of the fastening fixtures or on
the stator side of an electromagnetic clutch that is oppo-
site to the fastening fixtures, and there is a problem in
that the overall length of the compressor in the axial di-
rection is increased due to the space for the sensor in-
stallation.

In addition, in Japanese Patent Application Publication
No. JP-A-H8-319944, the shape of the housing member
is changed in order to provide the permanent magnet,
and thus a new magnetic flux generating source is nec-
essary. Furthermore, in order to amplify the magnetic
flux, which takes the form of a large circulating magnetic
flux circuit, a strong and high cost magnet is necessary.
For these reasons, there is the problem, for example,
that the production cost of the compressor is increased.

[SUMMARY OF THE INVENTION]
[Problems to be solved by the Invention]

[0005] In consideration of the problems described
above, it is an object of the present invention to provide
a compressor that can be provided with a rotation detect-
ing mechanism that does not require the machining of a
hole in the compressor body only in order to provide the
rotation detecting mechanism, and that is compact and
inexpensively manufactured.

[Means for solving problem]

[0006] The present invention is described as follows.

1.A compressor, comprising:

a plurality of housing members that form a body;
a drive shaft that is inserted into said body and
thatis linked to a drive power source via an elec-
tromagnetic clutch;

a movable member that moves in cooperation
with said drive shaft and that carry out the com-
pression of a fluid;

a detected body that moves in cooperation with
said drive shaft;
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a drain bolt that is screwed into a drain bolt hole
provided in the housing member in proximity to
said detected body; and

a detecting device that detects the rotation state
of said drive shaft by said detected body;
characterized in that

said drain bolt is provided with a permanent
magnet; and said detecting device is structured
by a magnetic sensor and said magnetic sensor
is provided at the head portion of said drain bolt.
2.The compressor according to 1 above, where-
in a circulating magnetic circuit is formed by a
magnetic flux from said permanent magnet be-
ing conducted through the detected body and
the drain bolt.

3.The compressor accordingtoone of 1 and 2 above,
wherein said permanent magnet is provided at the
distal end of said drain bolt.

4.The compressor according toone of 1 and 2 above,
wherein said permanent magnet is provided at the
head portion of said drain bolt.

5.The compressor according to any one of 1 to 4
above, wherein said detecting device is further pro-
vided with a magnetic member that covers the head
portion of said drain bolt.

6.A compressor, comprising:

a plurality of housing members that form a body;
a drive shaft that is inserted into said body and
thatis linked to a drive power source via an elec-
tromagnetic clutch;

a movable member that moves in cooperation
with said drive shaft and that carry out the com-
pression of a fluid;

a detected body that moves in cooperation with
said drive shaft;

a drain bolt that is screwed into a drain bolt hole
provided in the housing member in proximity to
said detected body; and

a detecting device that detects the rotation state
of said drive shaft by said detected body;
characterized in that

said detected body is provided with a permanent
magnet on the circumferential edge portion
thereof; and

said detecting device is structured by a magnetic
sensor and said magnetic sensor is provided at
the head portion of said drain bolt.

7.The compressor according to 6 above, wherein a
circulating magnetic circuitis formed by the magnetic
flux from said permanent magnet being conducted
through the detected body and the drain bolt.
8.The compressor according to one of 6 and 7 above,
wherein said detecting device is further provided with
a magnetic member that covers the head portion of
said drain bolt.
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[Effect of the Invention]

[0007] According to the compressor of the present in-
vention, the rotation state of the compressor is detected
by providing a permanent magnet on a drain bolt, which
is normally provided, in order to form a circulating mag-
netic circuit via the drain bolt, and by detecting the mag-
netic flux changes in this circulating magnetic circuit from
the outside of the housing member by using a magnetic
sensor that is provided at the head portion of the drain
bolt. Thereby, itis possible to provide a rotation detecting
mechanism by using a pre-existing drain bolt hole, with-
out requiring the machining of a hole in the compressor
body in order to provide a detecting device, and it is pos-
sible thereby to provide a compact and inexpensively
manufactured compressor. In addition, because the de-
tecting device is positioned on the outside of the housing
member, it is not necessary to protect the detecting de-
vice from pressure. Additionally, because it is possible
to avoid the inclusion of contaminants that accompanies
the placement of the detecting device, it is possible to
provide a compact and inexpensively manufactured
compressor.

In addition, in the case in which a circulating magnetic
circuit, which is due to the magnetic flux of a permanent
magnet, is conducted through the detected body and the
drain bolt, itis possible to form a stronger circulating mag-
netic circuit, and it is possible thereby to detect the mag-
netic flux changes in the circulating magnetic circuit more
reliably.

Furthermore, in the case in which the permanent magnet
is provided at the distal end of the drain bolt, it is possible
to form a stronger circulating magnetic circuit, and it is
possible thereby to detect the magnetic flux changes in
the circulating magnetic circuit more reliably.

In addition, in the case in which the permanent magnet
is provided at the head portion of the drain bolt, it is pos-
sible to form a stronger circulating magnetic circuit, and
itis possible thereby to detect the magnetic flux changes
in the circulating magnetic circuit more reliably.
Furthermore, in the case in which the detecting device
is provided with a magnetic member that covers the head
portion of the drain bolt, it is possible to form a stronger
circulating magnetic circuit, and it is possible thereby to
detect the magnetic flux changes in the circulating mag-
netic circuit more reliably.

[0008] According to the compressor of the present in-
vention, the magnetic flux from a magnet that is provided
in a detected body forms a circulating magnetic circuit
via a drain bolt, and the rotation state of the compressor
is detected by detecting the magnetic flux changes in this
circulating magnetic circuit from the outside of the hous-
ing member by using a magnetic sensor that is provided
atthe head portion of the drain bolt. Thereby, itis possible
to provide a rotation detecting mechanism by using a pre-
existing drain bolt hole without requiring the machining
of a hole in the compressor body in order to provide the
detecting device, and it is possible thereby to provide a
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compact and inexpensively manufactured compressor.
In addition, because the detecting device is positioned
on the outside of the housing member, itis not necessary
to protect the detecting device from high pressure. Ad-
ditionally, because it is possible to avoid the inclusion of
contaminants that accompanies the placement of the de-
tecting device, it is possible to provide thereby a compact
and inexpensively manufactured compressor.

In addition, in the case in which a circulating magnetic
circuit that is caused by the magnetic flux of a permanent
magnet is conducted through the detected body and the
drain bolt, itis possible to form a stronger circulating mag-
netic circuit, and it is possible thereby to detect the mag-
netic flux changes in the circulating magnetic circuit more
reliably.

Furthermore, in the case in which the detecting device
is provided with a magnetic member that covers the head
portion of the drain bolt, it is possible to form a stronger
circulating magnetic circuit, and it is possible thereby to
detect the magnetic flux changes in the circulating mag-
netic circuit more reliably.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0009]

FIG. 1 is a cross-sectional view that shows the com-
pressor according to a first embodiment;

FIG. 2 is an enlarged view of the essential compo-
nents of the compressor according to a first embod-
iment;

FIG. 3is a frontal view that shows the detected body;
FIG. 4 is an explanatory drawing for explaining an
alternative placement of the magnetic sensor;

FIG. 5 is a cross-sectional view that shows the com-
pressor according to a second embodiment;

FIG. 6 is an enlarged view of the essential compo-
nents of the compressor according to a second em-
bodiment;

FIG. 7 is a cross-sectional view that shows a com-
pressor according to a third embodiment;

FIG. 8 is an enlarged view of the essential compo-
nents of the compressor according to a third embod-
iment;

FIG. 9 is an explanatory drawing for explaining an
alternative placement of the permanent magnet;
FIG. 10 is an explanatory drawing for explaining an
alternative placement of the permanent magnet;
FIG. 11 is an explanatory drawing for explaining an
alternative placement of the permanent magnet;
FIG. 12 is an explanatory drawing for explaining an
alternative placement of the permanent magnet;
FIG. 13 is an explanatory drawing for explaining an
alternative placement of the permanent magnet;
FIG. 14 is a cross-sectional view that shows a com-
pressor according to a fourth embodiment;

FIG. 15 is an enlarged view of the essential compo-
nents of the compressor according to a fourth em-
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bodiment;

FIG. 16 is a frontal view that shows the detected
body according to a fourth embodiment;

FIG. 17 is a cross-sectional view that shows an al-
ternative mode of the compressor;

FIG. 18 is a frontal view that shows an alternative
mode of the detected body; and

FIG. 19 is a cross-sectional view that shows a con-
ventional compressor.

[DESCRIPTION OF REFERENCE NUMERALS AND
SIGNS]

[0010] 1; compressor, 2; compressor body, 3; front
housing, 4; cylinder block, 5; rear housing, 6; bolt mem-
ber, 7; electromagnetic clutch, 8; drive shaft, 9; detected
body, 11; piston, 20; magnetic sensor, 31; drain bolt hole,
32; drain bolt, 33; permanent magnet, and 34; yoke mem-
ber.

[DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS]

[0011] The compressor of the present invention will be
explained in detail below.

1. Compressor

[0012] The compressor according to the present in-
vention is provided with a housing member, a drive shaft,
movable members, a detected body, a drain bolt hole, a
drain bolt, and a detecting device, which will be described
below. Furthermore, for example, the compressor can
be further provided with a skew plate, which will be de-
scribed below.

Note that it is possible to select freely the compression
configuration of the compressor, and examples thereof
include reciprocating-type, scroll-type, screw-type, or
vane-type compressors.

[0013] The material, shape, and number and the like
of the "housing member" described above are not limited
in particular on the condition that the body of the com-
pressor can be formed by combining a plurality of mem-
bers. This housing member may be made of, forexample,
a non-magnetic body. In addition, examples of a housing
member can include a front housing, a cylinder block,
and a rear housing and the like.

[0014] The material, shape, and length and the like of
the "drive shaft" described above are not limited in par-
ticular on the conditions that the drive shaft can be in-
serted into the compressor body and can be linked to a
drive power source via an electromagnetic clutch. This
drive shaft is normally supported so as to rotate freely
inside the compressor body. In addition, this drive shaft
can be made of, for example, a magnetic body.

Note that the electromagnetic clutch is supported so as
to rotate freely at the distal end side of a front housing,
which normally serves as a housing member. In addition,
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examples of the drive power source include an internal
combustion engine, an electrical motor, and the like.
[0015] The structure and movement configuration and
the like of the "movable members" described above are
notlimited in particular on the conditions that the movable
members move in cooperation with the drive shaft and
they are able to carry out the compression of a fluid.
These movable members may be appropriately used de-
pending on the compression configuration and the like
of the compressor, and examples include piston-type,
scroll-type, screw-type, and vane-type compressors.
[0016] The material, shape, and movement configura-
tion and the like of the "detected body" are not limited in
particular on the condition that the detected body can
move in cooperation with the drive shaft described above.
This detected body can cause magnetic flux changes in
a circulating magnetic circuit A (refer, for example, to
FIG. 2) and a circulating magnetic circuit B (refer, for
example, to FIG. 15), for example, by moving in cooper-
ation with the drive shaft to produce changes in the gap
between the detected body and the drain bolt. This cir-
culating magnetic circuit A is formed by a magnetic flux,
which is from a permanent magnet that is normally pro-
vided at a drain bolt, being conducted through the de-
tected body and the drain bolt. In addition, the circulating
magnetic circuit B is formed by a magnetic flux, which is
from a permanent magnet that is normally provided at
the detected body, being conducted through the detected
body and the drain bolt.

The detected body may be, for example, installed on the
drive shaft and can rotate along with the drive shaft. In
addition, this detected body can, for example, be made
of a magnetic body. Additionally, this detected body may
be, for example, formed into a disk shape, and one or
more reduced diameter portions or increased diameter
portions may be formed on the outer circumferential side
thereof in order to generate magnetic flux changes.
[0017] The detected body may be disposed, for exam-
ple, between the electromagnetic clutch and the movable
members. From the viewpoint of detection precision,
preferably this detected body is disposed at a position
that is in proximity to the electromagnetic clutch inside
the front housing, which serves as the housing member.
In the case in which a permanent magnet is installed on
the detected body, as shown, for example, in FIG. 15 and
FIG. 16, preferably a permanent magnet 33 is provided
at the circumferential edge side of a detected body 9.
Furthermore, as shown in FIG. 14 to FIG. 16, the term
"circumferential edge side" denotes not only providing a
permanent magnet along the circumferential edge of the
detected body 9, but also denotes, as shown in FIG. 17
and FIG. 18, providing a permanent magnet more toward
the inside than the circumferential edge of the detected
body.

[0018] The "drain bolt hole" described above is a
threaded through hole that is provided in the housing
(below, the front housing) at a position in proximity to the
detected body, and is a hole that is normally provided in
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order to inject a fluid into the compressor or to drain the
fluid. The size of the drain bolt hole may be a normally
used size, and is not limited in particular. In addition, the
position of the drain bolt hole should allow detecting the
magnetic flux changes due to the position of the detected
body. Examples of such a position include the front hous-
ing that is positioned at the circumferential edge of the
detected body.

In addition, the "drain bolt" described above is a bolt that
is normally provided by being screwed into the drain bolt
hole in order to seal the hole. In addition, the material
and shape and the like of the drain bolt are not limited in
particular on the condition that the drain bolt is a magnetic
body.

The position at which the permanent magnet 33 is pro-
vided at the drain bolt and the method by which the per-
manent magnet 33 is provided at the drain bolt are not
limited in particular. For example, as a disposition for the
permanent magnet 33, a bottomed hole may be provided,
for example, in the distal end (refer, for example, to FIG.
2 and FIG. 11) or the head portion (refer, for example, to
FIG. 8) of the drain bolt, and the permanent magnet 33
may be inserted and attached therein. Alternately, the
permanent magnet 33 may be attached to the distal end
(refer, for example, to FIG. 9) or the head portion (refer,
for example, to FIG. 10) of a drain bolt 32. The permanent
magnet 33 may be provided at the circumference of the
drain bolt (refer, for example, to FIG. 12). The permanent
magnet 33 may be embedded in the drain bolt (not illus-
trated). In addition, examples of a disposition method in-
clude attaching by fitting, by adhesion, or by the magnetic
force of the permanent magnet itself.

Furthermore, as shown in FIG. 13, a yoke member 34
made of a magnetic member that covers the head portion
of the drain bolt may be installed, and the permanent
magnet 33 may be provided in this yoke member 34.
[0019] The "detectingdevice"described above detects
the rotation state of the drive shaft by detecting the mag-
netic flux changes in the circulating magnetic circuits A
and B that are due to the detected body. This detecting
device is structured by a magnetic sensor.

[0020] As shown in the examples of FIG. 1 and FIG.
2, the shape, size, and number and the like of the "mag-
netic sensor" described above are not limited in particular
on the condition that the magnetic sensor is provided at
the head portion of the drain bolt. In addition, the type of
the magnetic sensor is not limited in particular, and ex-
amples include a pickup coil, a Hall element, and the like.
Furthermore, this magnetic sensor may be disposed
such that, for example, the magneto-sensitive direction
P is aligned in a direction that is perpendicular to the axial
direction of compressor body (refer to FIG. 2 and FIG.
3), or can be disposed such that this magneto-sensitive
direction P is aligned in the axial direction of compressor
body (refer to FIG. 4).

Note that in the case in which a pickup coil is used in the
magnetic sensor, it is possible to carry out the detection
of the magneto-sensitive direction P that is illustrated in
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FIG. 2. In addition, in the case in which a Hall element is
used in the magnetic sensor, it is possible to carry out
the detection of the magneto-sensitive direction P that is
illustrated in FIG. 2 and FIG. 4.

Furthermore, the term "proximity" described above de-
notes a position at which a change in the magnetic flux,
which is caused by the gap between the detected body
and the drain bolt changing, can be detected when the
detected body rotates.

[0021] The material, shape, and movement configura-
tion of the "skew plate" is not limited in particular on the
condition that the skew plate can move in cooperation
with the drive shaft. This skew plate is normally supported
by the drive shaft so as to tilt freely, and accompanying
the rotation of the drive shaft, the skew plate tilts with
respect to the drive shaft to move the movable members.

[EMBODIMENTS]

[0022] Below, the present invention will be concretely
explained by an embodiment with reference to the fig-
ures.

(First Embodiment)

[0023] Note thatin this first embodiment, the compres-
sor according to the present invention is illustrated by a
variable displacement compressor for a vehicle air con-
ditioner that is provided with a detecting device on the
head portion of a drain bolt and in which the compression
capacity changes depending on the change of the tilt of
the skew plate, which will be described below.

1. Structure of the compressor

[0024] As shown in FIG. 1, a compressor 1 according
to the present embodiment has a body 2 that includes a
tubular aluminum (non-magnetic body) front housing 3,
a cylinder block 4, and a rear housing 5 (provided as an
example of the "housing member" according to the
present invention). While the back end of the front hous-
ing 3 abuts the front end of this cylinder block 4 and the
front end of the rear housing 5 abuts the back end of the
cylinder block 4 via a valve plate 12, the threaded portions
(not illustrated) of a plurality of bolt members 6 made of
aferrous metal (magnetic body) are screwed into the rear
housing 5, and a head portion 6a of each of the bolt mem-
bers 6 is secured to the outer end surface of the front
housing 3. Thereby, the fronthousing 3, the cylinder block
4, and the rear housing 5 are joined together integrally.
[0025] A ferrous metal drive shaft 8, which is linked to
the engine (not illustrated) via an electromagnetic clutch
7, is inserted inside the crank chamber 3a that is formed
inside the front housing 3. This drive shaft 8 is supported
so as to rotate freely inside the cylinder block 4 and the
fronthousing 3 via abearing. A disk-shaped ferrous metal
(magnetic body) detected body 9 is attached to this drive
shaft 8. This detected body 9 is positioned between the
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electromagnetic clutch 7 and the pistons, which will be
described below, and is disposed at a position in prox-
imity to the electromagnetic clutch 7 inside the front hous-
ing 3. In addition, an increased diameter portion 9a and
a reduced diameter portion 9b having a predetermined
interval (180 degrees) are formed in the circumferential
direction on the outer circumferential side of this detected
body 9 in order to generate the magnetic flux changes in
the circulating magnetic circuit that are caused by the
rotation (refer to FIG. 3), which will be disclosed below
(refer to FIG. 3). In addition, a skew plate 10 is provided
so as to tilt freely on the drive shaft 8, and this skew plate
10 is guided by a guiding portion 9c of the rotating de-
tected body 9 so as to tilt within a predetermined angle
range.

[0026] Furthermore, the front housing 3 has a drain
bolt hole 31 and a drain bolt 32 that is screwed into this
drain bolt hole 31. The position of the drain bolt hole 31
in the axial direction with respect to compressor body 2
is located opposed to the detected body 9 in the radial
direction. In addition, a permanent magnet 33 is provided
at the distal end of the drain bolt 32. The position of this
permanent magnet 33 is located at a distance that ena-
bles detecting the changes in magnetic flux that are
caused by the gap between the circumferential edge of
the detected body 9 and the drain bolt 32 changing when
the detected body 9 rotates.

[0027] Pistons 11 (provided as an example of the
"movable members" according to the present invention)
are supported so as to move freely in the axial direction
of compressor body 2 inside a plurality of cylinder cham-
bers 4a that are formed in the cylinder block 4. The outer
circumferential end portions of the skew plate 10 are
linked to the linking portions 11a that are formed on the
front sides of these pistons 11. Therefore, the skew plate
10 tilts to impart a reciprocating movement to these pis-
tons 11 inside the cylinder chambers 4a due to the rota-
tion of the drive shaft 8 and the detected body 9. In ad-
dition, due to this reciprocating movement of these pis-
tons 11, a coolant gas, which flows from an inlet chamber
5a that is formed in the rear housing 5 into the cylinder
chamber 4a, is compressed, and this compressed gas
is discharged to a discharge chamber 5b that is formed
in the rear housing 5.

[0028] The electromagnetic clutch 7 is supported so
as to rotate freely via a bearing on a boss portion 3b of
the front housing 3. This electromagnetic clutch 7 is struc-
tured by being provided with a pulley 13 that is linked to
the crank pulley of the engine (provided as an example
of the "power source" according to the present invention)
via a V-belt (not illustrated); a rotor 14 that is attached to
the inner circumferential side of the pulley 13; a stator 16
that is attached to this rotor 14 and has an electromag-
netic coil 15 built therein; a disc-shaped armature 17 that
is disposed opposed to the conducting friction surface of
this rotor 14; and a hub 18 that couples this armature 17
to the drive shaft 8.

[0029] A magnetic sensor 20 (provided as an example
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of the "detecting device" according to the present inven-
tion) that can detect magnetic flux changes is formed on
the outside surface of the front housing 3 and is provided
at the head portion of the drain bolt 32. This magnetic
sensor 20 has an element 21 that is made of a pickup
coil or the like. In addition, this magnetic sensor 20 is
disposed such that the magneto-sensitive direction P
thereof is orthogonal to the axial direction of the com-
pressor body 2.

[0030] Here, asshowninFIG. 2, acirculating magnetic
circuit A (shown by the dashed line in the figure) is formed
by the magnetic flux from the permanent magnet 33 being
conducted through the detected body 9 and the drain bolt
32.

2. Operation of the compressor

[0031] Next, the operation of the compressor 1 that
has the structure described above will be explained.
When a voltage is applied to the electromagnetic coil 15
inside the electromagnetic clutch 7, a magnetic field is
generated, and the pulley 13 and the hub 18 are coupled.
In addition, because a hub 18, the drive shaft 8, and the
detected body 9 are connected, the power of the engine
is transferred to the pulley 13, and the pulley 13, the drive
shaft 8, and the detected body 9 rotate simultaneously.
Thereby, the skew plate 10 is tilted by the rotation of the
detected body 9 to impart a reciprocating movement to
the pistons 11 in the cylinder chambers 4a, the coolant
gas, which flows from the intake chamber 5a of the rear
housing 5 into the cylinder chamber 4a, is compressed,
and this compressed gas is discharged into the discharge
chamber 5b of the rear housing 5.

[0032] Inaddition, the circulatingmagnetic circuitA (re-
fer to FIG. 2) is formed by the magnetic flux of the per-
manent magnet 33. Additionally, the detected body 9 is
provided with locations at which the diameter differs (re-
ferto FIG. 3). When this detected body 9 rotates, the gap
(air gap) between the permanent magnet 33 and the de-
tected body 9 changes, and the magnetic flux density of
the circulating magnetic circuit A is thereby changed.
Among these, because the output voltage of the mag-
netic sensor 20, which is detecting the magnetic flux
changes in the circulating magnetic circuit A, changes,
itis possible to detect the rotation state of the compressor
1 based on this change in the output voltage.

[0033] 3. Effects of the embodiment

As described above, in the present embodiment, the
compressor 1 is structured by providing the magnetic
sensor 20 at the head portion of the drain bolt 32, which
is on the outside surface of the front housing 3 that forms
the compressor body 2. Thus, the circulating magnetic
circuit A is formed by a magnetic flux from the permanent
magnet 33 being conducted through the detected body
9 and the drain bolt 32, and the magnetic sensor 20 de-
tects the rotating state of the compressor 1 by detecting
the magnetic flux changes in this circulating magnetic
circuit A from the outside surface of the front housing 3.
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Thereby, it is not necessary to machine a hole in the
compressor body 2 of the compressor 1 in order to pro-
vide the magnetic sensor 20. As a result, in comparison
to machining a hole in the compressor body as is done
conventionally, it is possible thereby to reduce the pro-
duction costs of the compressor. In addition, it is not nec-
essary to protect the magnetic sensor 20 from high pres-
sure by providing a sealing structure using an O-ring or
the like, and it is possible thereby to suppress the pro-
duction costs further. Furthermore, seizing and the like
are not caused due to contaminants that adhere to the
magnetic sensor penetrating into the compressor. In ad-
dition, in comparison to providing a detecting device at
the head portion of the bolt member or at the stator side
of an electromagnetic clutch that is opposed to the head
portion, as is done conventionally, it is not necessary to
provide a space for the sensor installation between the
electromagnetic clutch 7 and the front end surface of the
front housing 3, and it is possible thereby to shorten the
overall length of the compressor in the axial direction of
the compressor body.

(Second embodiment)

[0034] In a second embodiment, the compressor ac-
cording to the present invention is exemplified by a var-
iable displacement compressor for a vehicle air condi-
tioner that is provided with a magnetic member that cov-
ers the head portion of the drain bolt and in which the
compression capacity changes depending on the change
of the tilt of the skew plate, which will be described below.
As shown in FIG. 5 and FIG. 6, the compressor 1 accord-
ing to the second embodiment is provided with a structure
that is similar to the first embodiment, and differs in being
provided with the yoke member 34, which is a magnetic
member according to the present invention. This yoke
member 34 is provided on the head portion of the drain
bolt 32 along with the magnetic sensor 20, and is provided
with a shape that is in contact with the portion of the head
portion of the drain bolt 32 that is not covered by the
magnetic sensor 20. In addition, the yoke member 34 is
made of a ferrous metal, which is a magnetic body.
[0035] As shown in FIG. 6, such a yoke member 34
strengthens the coupling between the magnetic sensor
20 and the drain bolt 32, which are portions of the circu-
lating magnetic circuit A, and can further strengthen the
capacity of the magnetic sensor 20 to detect the magnetic
flux changes. Thus, it is possible to detect the magnetic
flux changes that are due to the rotation of the detected
body 9 even if a permanent magnet is used that has a
weaker magnetic power and is inexpensive, and it is pos-
sible thereby to suppress the production costs further.

(Third embodiment)
[0036] In athird embodiment, the compressor accord-

ing to the present invention is exemplified by a variable
displacement compressor for a vehicle air conditioner
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that is provided with a magnetic member that covers the
head portion of the drain bolt and in which the compres-
sion capacity changes depending on the change of the
tilt of the skew plate, which will be described below.

As shown in FIG. 7 and FIG. 8, the compressor 1 accord-
ing to third embodiment is provided with a structure that
is similar to the first embodiment, and differs in that the
placement position for the permanent magnet 33 that is
embedded in the head portion of the drain bolt 32.

In this manner, similar to the first embodiment, in the third
embodiment as well, in which a placement position for
the permanent magnet 33 that is embedded in the head
portion of the drain bolt 32, it is possible to detect the
magnetic flux changes that are due to the rotation of the
detected body 9.

(Fourth embodiment)

[0037] In a fourth embodiment, the compressor ac-
cording to the present invention is exemplified by a var-
iable displacement compressor for a vehicle air condi-
tioner that is provided with a permanent magnet on the
circumferential edge side of the detected body 9, and in
which the compression capacity changes depending on
the change in the tilt of the skew plate, which will be de-
scribed below.

As shown in FIG. 14 to FIG. 16, the compressor 1 ac-
cording to fourth embodiment is provided with a structure
that is similar to the first embodiment, and differs in that
the placement position for the permanent magnet 33 that
is embedded in the circumferential edge side of the de-
tected body 9.

In this manner, as shown in FIG. 15, in the fourth em-
bodiment, in which a placement position for the perma-
nent magnet 33 that is embedded in the circumferential
edge side of the detected body 9, the circulating magnetic
circuit B (shown by the dashed line in the figure) is formed
due to the magnetic flux from the permanent magnet 33
being conducted through the detected body 9 and the
drain bolt 32. Thus, similar to the first embodiment and
the third embodiment, itis possible to detect the magnetic
flux changes that are due to the rotation of the detected
body 9.

[0038] Note that in the present invention, the above
embodiments are not limiting, and embodiments that are
modified in various manners within the scope of the
present invention are possible depending on the object
and use. Specifically, in the embodiments described
above, the magnetic sensor 20 is disposed such that the
magneto-sensitive direction P is aligned with the axial
direction of the compressor body 2 of the compressor 1.
However, this is not limiting, and for example, as shown
in FIG. 4, the element 21 in the magnetic sensor 20 may
be disposed such that the magneto-sensitive direction P
is aligned with a direction that is substantially orthogonal
to the axial direction of compressor body 2 of the com-
pressor 1, or is aligned at a predetermined angle.

In addition, in the embodiments described above, a de-
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tected body 9 thatincludes an increased diameter portion
9a and a reduced diameter portion 9b pair was provided
as an example. However, this is not limiting, and for ex-
ample, a plurality of concave portions (or reduced diam-
eter portions) may be formed at predetermined intervals
along the circumferential direction on the outer circum-
ferential side of the detected body 9.

[0039] The compressorofthe presentinventionis used
as a compressor for a vehicle. In particular, the compres-
sor of the present invention is advantageously used as
a compressor for a vehicle air conditioner.

This compressor includes housing members that form a
body; a drive shaft linked to a drive power source via an
electromagnetic clutch; movable members moving in co-
operation with the drive shaft and carrying out the com-
pression of a fluid; a detected body moving in cooperation
with the drive shaft; a drain bolt screwed into a drain bolt
hole provided in a housing member in proximity to the
detected body; and a detecting device detecting the ro-
tation state of the drive shaft by the detected body. The
drain bolt is provided with a permanent magnet, the de-
tecting device is structured by a magnetic sensor that
includes a magnetic impedance element, and the mag-
netic sensor is provided at the head portion of the drain
bolt. Thereby, itis possible to provide a rotation detecting
mechanism by using an existing drain bolt, without re-
quiring the machining of a hole in the compressor body.

Claims
1. A compressor, comprising:

a plurality of housing members that form a body;
a drive shaft that is inserted into said body and
thatis linked to a drive power source via an elec-
tromagnetic clutch;

a movable member that moves in cooperation
with said drive shaft and that carry out the com-
pression of a fluid;

a detected body that moves in cooperation with
said drive shaft;

a drain bolt that is screwed into a drain bolt hole
provided in the housing member in proximity to
said detected body; and

a detecting device that detects the rotation state
of said drive shaft by said detected body;

characterized in that

said drain bolt is provided with a permanent
magnet; and said detecting device is structured
by a magnetic sensor and said magnetic sensor
is provided at the head portion of said drain bolt.

2. The compressor according to claim 1, wherein a cir-
culating magnetic circuit is formed by a magnetic flux
from said permanent magnet being conducted
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through the detected body and the drain bolt.

The compressor according to one of claim 1 and
claim 2, wherein said permanent magnet is provided
at the distal end of said drain bolt.

The compressor according to one of claim 1 and
claim 2, wherein said permanent magnet is provided
at the head portion of said drain bolt.

The compressor according to any one of claims 1 to
4, wherein said detecting device is further provided
with amagnetic member that covers the head portion
of said drain bolt.

A compressor, comprising:

a plurality of housing members that form a body;
a drive shaft that is inserted into said body and
thatis linked to a drive power source via an elec-
tromagnetic clutch;

a movable member that moves in cooperation
with said drive shaft and that carry out the com-
pression of a fluid;

a detected body that moves in cooperation with
said drive shaft;

a drain bolt that is screwed into a drain bolt hole
provided in the housing member in proximity to
said detected body; and

a detecting device that detects the rotation state
of said drive shaft by said detected body;

characterized in that

said detected body is provided with a permanent
magnet on the circumferential edge portion
thereof; and

said detecting device is structured by a magnetic
sensor and said magnetic sensor is provided at
the head portion of said drain bolt.

The compressor according to claim 6, wherein a cir-
culating magnetic circuit is formed by the magnetic
flux from said permanent magnet being conducted
through the detected body and the drain bolt.

The compressor according to one of claim 6 and
claim 7, wherein said detecting device is further pro-
vided with a magnetic member that covers the head
portion of said drain bolt.
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