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Description
TECHNICAL FIELD

[0001] The presentinventionrelatestoalinkage mech-
anism capable of relative rotating as transferring rotary
torque and a variable displacement compressor using
the linkage mechanism.

BACKGROUND ART

[0002] A variable displacement compressor includes
a drive shatft, a rotor which is fixed to the drive shaft and
rotates integrally with the drive shaft, and a swash plate
which is attached to the drive shaft via a slidable hinge
ball and is tiltable with respect to the drive shaft. Piston
stroke is changed by changing the inclination angle of
the swash plate so as to change the discharging amount.
In order to change the inclination angle of the swash plate
as transferring torque from the rotor to the swash plate,
a linkage mechanism is provided between the rotor and
the swash plate (see, for example, Japanese Patent Ap-
plication Laid-Open Publications No. 2003-172417 and
No. 10-176658).

[0003] A linkage mechanism described in the Publica-
tion No. 2003-172417 includes a pair of rotor arms which
extend from a rotor toward a swash plate and face to
each other, a single swash plate arm which extends from
the swash plate toward the rotor, and a link whose first
end is linked to the rotor arms by a first linking pin and
second end is linked to the swash plate arm by a second
linking pin.

[0004] The first end of the link is inserted between the
pair of rotor arms of the rotor and linked to the rotor arms
by the first linking pin. The second end of the link includes
a pair of link arms facing each other, the swash plate arm
is inserted between the link arms. In such a condition,
the second end of the link is linked to the swash plate
arm by a second linking pin. In other words, the swash
plate arm is sandwiched by the pair of link arms provide
at the second end of the link and the first end of the link
is sandwiched by the pair of rotor arms. These five arms
are stacked in the torque transfer direction.

[0005] According to alinkage mechanism described in
Publication No. 10-176658, two separated link arms are
used, substitute for the pair of link arms that are formed
integrally.

DISCLOSURE OF THE INVENTION

[0006] An object of the present invention is to provide
a linkage mechanism with improved durability and a var-
iable displacement compressor using the linkage mech-
anism.

[0007] The first aspect of the present invention is a
linkage mechanism including: a rotating member fixed to
a drive shaft and rotating integrally with the drive shaft;
a tilting member slidably attached to the drive shaft and
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being tiltable with respect to the drive shaft; a pair of arms
extending from the rotating member toward the tilting
member and facing each other in a rotary torque transfer
direction; a pair of arms extending form the tilting member
toward the rotating member and facing each other in the
rotary torque transfer direction; and a linkage member
inserted between the pair of arms of the rotating member
that face each other and between the pair of arms of the
tilting member that face each other.

[0008] According to the structure, comparing to a con-
ventional technique including five arms in the torque
transfer direction, the first aspect of the present invention
includes three arms (in the side of the rotating member,
there are three arms including the pair of arms of the
rotating member and the linkage member inserted ther-
ebetween) (in the side of the tilting member, there are
three arms including the pair arms of the tilting member
andthe linkage member inserted therebetween). Accord-
ingly, the torque durability of the linkage mechanism can
be improved since each member is made thicker in the
torque transfer direction without increasing the size of
the linkage mechanism as a whole, comparing to con-
ventional structures (see, for example, Japanese Patent
Application Laid-Open Publications No. 2003-172417
and No. 10-176658).

[0009] Ifitis required to reduce the size of the linkage
mechanism in the torque transfer direction according to
layout restrictions due to a request for downsizing devic-
es, the linkage mechanism can be significantly down-
sized as maintaining sufficient thickness of each member
in torque transfer direction, comparing to conventional
techniques.

[0010] As a preferable embodiment of the first aspect
of the present invention, one end of the linkage member
may be rotatably linked to the pair of arms of the rotating
member by the first linking pin and the other end of the
linkage member may be rotatably linked to the pair of
arms of the tilting member by the second linking pin.
[0011] A distance between the pair of arms of the ro-
tating member and a distance between the pair of arms
of the tilting member may be formed in the same size.
[0012] According to this structure, the linkage member
can be formed in a simple rectangular shape so that one
end is inserted between the pair of arms of the rotating
member and the other end is inserted between the pair
of arms of tilting member. As a result, since complicated
cutting works are notrequired in a manufacturing process
of the linkage member, the manufacturing cost of the
linkage member can be significantly reduced. For exam-
ple, when the linkage member is made of aluminum, it
can be made by extruding.

[0013] The first linking pin and the second linking pin
may have the same diameter and length.

[0014] According to this structure, a pin can be used
as the first linking pin and the second linking pin. Thus,
the manufacturing cost of the linkage mechanism can be
reduced. For example, since a manufacturing die can be
used for both of the first linking pin and the second linking
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pin, the number of necessary dies can be reduced. Fur-
ther, there is an advantage such that load of workers can
be reduced since they do not need to distinguish the stor-
ing locations of the first linking pin and the second linking
pin in an assembling process of the linkage mechanism.
[0015] The second aspect of the present invention is
a linkage mechanism including: a rotating member fixed
to a drive shaft and rotating integrally with the drive shaft;
a tilting member slidably attached to the drive shaft and
being tiltable with respect to the drive shaft; an arm ex-
tending from the rotating member toward the tilting mem-
ber; an arm extending form the tilting member toward the
rotating member; and a linkage member provided be-
tween the arm of the rotating member and the arm of the
tilting member. A slit is provided to one of the arm of the
rotating member and one end of the linkage member, the
other of the arm of the rotating member and the one end
of the linkage member is inserted into the slit, the arm of
the rotating member and the one end of the linkage mem-
ber are rotatably connected each other by a first linking
pin in a condition that the other is inserted into the one.
A maximum inclination angle of the linkage member rel-
ative to the arm of the rotating member corresponds to
a maximum inclination angle of the first linking pin in a
bearing clearance between the firstlinking pin and abear-
ing hole for the first linking pin.

[0016] According this structure, when the linkage
member tilts maximally relative to the arms of rotating
member, the portion inserted in the slit contacts with only
one of the opposite surfaces of the slit. Accordingly, un-
like conventional structures, the portion inserted in the
slit does not lockingly dig into the opposite surfaces of
the slit at two points.

[0017] As a preferable embodiment of the first aspect
of the present invention, the first linking pin may be fixed
to a fixing hole provided to one of the arms of the rotating
member and the linkage member and rotatably support-
ed by the bearing hole provided to the other of the arms
of the rotating member and the linkage member.

[0018] According to this structure, the design of the
linkage mechanism becomes easy comparing to such a
structure in which the first linking pin is rotatably support-
ed by bearing holes provided to the arms of the rotating
member and the linkage member respectively.

[0019] The third aspect of the present invention is a
linkage mechanism including a rotating member fixed to
a drive shaft and rotating integrally with the drive shaft;
a tilting member slidably attached to the drive shaft and
being tiltable with respect to the drive shaft; an arm ex-
tending from the rotating member toward the tilting mem-
ber; an arm extending form the tilting member toward the
rotating member; and a linkage member provided be-
tween the arm of the rotating member and the arm of the
tilting member. A slit is provided to one of the arm of the
tilting member and the other end of the linkage member,
the other of the arm of the tilting member and the other
end of the linkage member inserted into the slit, the arm
of the tilting member and the other end of the linkage
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member are rotatably connected each other by a second
linking pin. A maximum inclination angle of the linkage
member relative to the arm of the tilting member corre-
sponds to a maximum inclination angle of the second
linking pin in a bearing clearance between the second
linking pin and a bearing hole for the second linking pin.
[0020] According this structure, when the linkage
member tilts maximally relative to the arms of tilting mem-
ber, the portion inserted in the slit contacts with only one
of the opposite surfaces of the slit. Accordingly, unlike
conventional structures, the portion inserted in the slit
does not lockingly dig into the opposite surfaces of the
slit at two points.

[0021] As a preferable embodiment of the present in-
vention, the second linking pin may be fixed to a fixing
hole provided one of the arms of the tilting member and
the linkage member and supported by the bearing hole
provided to the other of the arms of the tilting member
and the linkage member.

[0022] According to this structure, the design of the
linkage mechanism becomes easy comparing to such a
structure in which the second linking pin is rotatably sup-
ported by bearing holes provided to the arms of the tilting
member and the linkage member respectively.

[0023] As a preferable embodiment according to the
second and third aspects of the present invention, the
linking pin may include a reduced-diameter portion, at
axial ends, where the diameter is reduced at a certain
curvature, at a curvature that gradually increases, or a
curvature that increases in stages.

[0024] According to this structure, a similar effect to
crowned linking pins can be obtained. Namely, when the
linking pins tilts maximally within bearing clearances in
the bearing holes, the reduced-diameter portion provided
at an axial end of the linking pin prevents point-contacts
between the linking pins and the bearing holes.

[0025] Further, the bearing hole may include an ex-
panded-diameter portion, at axial ends, where the diam-
eter is enlarged at a certain curvature, at a curvature that
gradually increases, or at a curvature that increases in
stages.

[0026] According to this structure, a similar effect to
crowned linking pins can be obtained. Namely, when the
linking pins tilts maximally within baring clearances in the
bearing holes, the expanded-diameter portion provided
atan axial end of the bearing hole prevents point-contacts
between the linking pins and the bearing holes.

[0027] Further, the slit may be provided to the arm of
the rotating member and an end of the linkage member
is inserted into the slit, and the slit may be provided to
the arm of the tilting member and the other end of the
linkage member inserted into the slit.

[0028] In other words, the aspects of the present in-
vention may have a pair of arms that extend from the
rotating member toward the tilting member and face each
other across the slit, a pair of arms that extend from the
tilting member toward the rotating member and face each
other across the slit, and a linkage member that is insert-
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ed between the pair of arms of the rotating member and
between the pair of arms of the tilting member.

[0029] Unlike a conventional technique including five
arms in the torque transfer direction, the present inven-
tion includes three arms (in the side of the rotating mem-
ber, there are three arms including the arms of the rotat-
ing member and the linkage member inserted therebe-
tween) (in the side of the tilting member, there are three
arms including the arms of the tilting member and the
linkage member inserted therebetween). Accordingly,
the torque durability of the linkage mechanism can be
improved since the each member is made thicker in the
torque transfer direction without increasing the size of
the linkage mechanism as a whole, comparing to con-
ventional structures. If it is required to reduce the size of
the linkage mechanism in the torque transfer direction
according to layout restrictions due to arequest for down-
sizing devices, the linkage mechanism can be significant-
ly downsized as maintaining sufficient thickness of each
member in torque transfer direction, comparing to con-
ventional techniques.

[0030] Further, a width of the slit (between the pair of
arms) of the rotating member and a width of the slit (be-
tween the pair of arms) of the tilting member may be
formed in same width.

[0031] According to this structure, since the width of
the slit in the rotating member and the width of the slit in
the tilting member are formed the same, the linkage mem-
ber whose one end is inserted into the slit of the rotating
member and whose other end is inserted into the slit of
the tilting member can be formed in a simple rectangular
shape. As a result, since complicated cutting works are
not required in a manufacturing process of the linkage
member, the manufacturing cost of the linkage member
can be significantly reduced. For example, when the link-
age member is made of aluminum, it can be made by
extruding.

[0032] Further, the first linking pin and the second link-
ing pin may have the same diameter and length.

[0033] According to this structure, since the first linking
pin and the second linking pin have the same diameter
and length, a pin can be used as the first linking pin and
the second linking pin. Accordingly, the manufacturing
cost of the linkage mechanism can be reduced. For ex-
ample, since a die can be used for both of the first linking
pin and the second linking pin, the number of necessary
dies can be reduced. Further, there is an advantage such
that load of workers can be reduced since they do not
need to distinguish the storing locations of the first linking
pin and the second linking pin in an assembling process
of the linkage mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

Fig. 1 is a cross-sectional view showing a variable
displacement compressor of a first embodiment;
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Fig. 2 is an explanatory view of a full stroke condition
of the variable displacement compressor;

Fig. 3 is an explanatory view of a middle stroke con-
dition of the variable displacement compressor;
Fig. 4 is an explanatory view of a no-stroke condition
of the variable displacement compressor;

Fig. 5is a perspective view showing a linkage mech-
anism of the variable displacement compressor;
Fig. 6 is a side view showing the linkage mechanism
of the variable displacement compressor having a
cross-section taken along line VI-VI in Fig. 2;

Fig. 7 is an enlarged sectional view showing the link-
age mechanism;

Fig. 8 is a side view showing a rotor;

Fig. 9 is a vertical sectional view showing the rotor;
Fig. 10(a) is a side view showing a linkage member
and Fig. 10(b) is a cross-sectional view taken along
line 10b-10b in Fig. 10(a);

Fig. 11is aside view showing a hub of a swash plate;
Fig. 12 is a vertical sectional view showing the hub
of the swash plate;

Fig. 13is an enlarged sectional view showing a mod-
ification of the linkage mechanism;

Fig. 14 is an enlarged sectional view showing anoth-
er modification of the linkage mechanism;

Fig. 15 is a side view showing a linkage mechanism
of a second embodiment;

Fig. 16 is an enlarged sectional view showing the
linkage mechanism;

Fig. 17 is a cross-sectional view showing a first mod-
ification of the linkage mechanism according to the
second embodiment;

Fig. 18 is a side view showing a linking pin used in
the linkage mechanism of Fig. 17;

Fig. 19 is an enlarged view of the part X shown in
Fig. 18;

Fig. 20 is a cross-sectional view showing a second
modification of the linkage mechanism according to
the second embodiment;

Fig. 21 is an enlarged sectional view showing the
linkage mechanism of Fig. 20;

Fig. 22 is a sectional view showing a linkage mech-
anism of the third embodiment;

Fig. 23 is a sectional view showing a modification of
the linkage mechanism according to the third em-
bodiment;

Fig. 24 is a sectional view of the linkage member
shown in Fig. 23;

Fig. 25is a view showing a modification of the linkage
mechanism according to the second embodiment
and the third embodiment;

Fig. 26 is a view showing a modification of the linkage
mechanism of the second embodiment and the third
embodiment;

Fig. 27 is aview showing a modification of the linkage
mechanism according to the second and third em-
bodiments;

Fig. 28 is aview showing a modification of the linkage
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mechanism according to the second and third em-
bodiments; and

Fig. 29 is a view showing an example of a conven-
tional linkage mechanism.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Avariable displacement compressor and a link-
age mechanism used in the variable displacement com-
pressor of embodiments of the present invention will be
described with reference to the accompanying drawings.

(First Embodiment)
General Structure of Variable Displacement Compressor

[0036] As shown in Fig. 1, a compressor 1 of the first
embodiment is a swash plate type variable displacement
compressor. The variable displacement compressor 1
includes a cylinder block 2 having a plurality of cylinder
bores 3 placed evenly spaced apart in a circumferential
direction, a front housing 4 attached to a front end of the
cylinder block 2 and defining a crank chamber 5 with the
cylinder block 2, and a rear housing 6 attached to a rear
end of the cylinder block 2 via a valve plate 9 and having
a suction chamber 7 and a discharge chamber 8 therein.
The cylinder block 2, the front housing 4, and the rear
housing 6 are fixedly connected to one another by a plu-
rality of bolts B.

[0037] The valve plate 9 is formed with a suction port
(not shown) that communicates with the cylinder bore 3
and the suction chamber 7, and a discharge port 12 that
communicates with the cylinder bore 3 and the discharge
chamber 8.

[0038] A valve system (not shown) adapted to open or
close the suction port 11 is provided on the valve plate
9 at the cylinder block side. On the other hand, A valve
system (not shown) adapted to open or close the dis-
charge port 12 is provided on the valve plate 9 at the rear
housing side. A gasket is interposed between the valve
plate 9 and the rear housing 6 for providing an airtight
seal between the suction chamber 7 and the discharge
chamber 8.

[0039] Addrive shaft S is supported by bearings 17, 18
in support holes 19, 20 formed at the center portions of
the cylinder block 2 and the front housing 4so that the
drive shaft S is rotatable in the crank chamber 5.

[0040] The crank chamber 5 accommodates, a rotor
21 as a "rotating member" fixed to the drive shaft S, a
hinge ball 22 slidably attached to the drive shaft S, and
a swash plate 24 as a "tilting member" tiltably attached
to the hinge ball 22. The swash plate 24 includes a hub
25 tiltably and rotatably attached to the hinge ball 22 and
a swash plate body 26 fixed to a boss segment 25a of
the hub 25.

[0041] Apiston29isslidably containedin each cylinder
bore 3, and engaged with the swash plate body 26 of the
swash plate 24 via a pair of hemispherical-shaped shoes
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30, 30.

[0042] A linkage mechanism 40 is provided between
the rotor 21 as a rotating member and the hub 25 of the
swash plate 24 as a tilting member. The linkage mech-
anism 40 transfers rotary torque from the rotor 21 to the
swash plate 24 as allowing the inclination angle of the
swash plate 24 to change. The linkage mechanism 40
will hereinafter be described in detail.

[0043] The inclination angle of the swash plate 24 re-
duces when the hinge ball 22 moves toward the cylinder
block 2. On the other hand, the inclination angle of the
swash plate 24 increases when the hinge ball 22 moves
away from the cylinder block 2.

[0044] When the drive shaft S rotates, the rotor 21 ro-
tates integrally with the drive shaft S. The rotation of the
rotor 21 istransferred to the swash plate 24 via the linkage
mechanism 40. The rotation of the swash plate 24 is con-
verted into a reciprocating movement of the pistons 29
via the pairs of piston shoes 30, 30 so that the pistons
29 reciprocate in the cylinder bores 3. By the reciprocat-
ing movements of the pistons 29, cooling medium is
sucked in from the suction chamber 7 into the cylinder
bores 3 through the suction ports 11 of the valve plate 9,
and compressed in the cylinder bores 3, and discharged
to the discharge chamber 8 through the discharge ports
12 of the valve plate 9.

Control of Variable Capacity

[0045] Changing the inclination angle of the swash
plate 24 changes the piston stroke so as to change the
amount of the discharge capacity. More particularly,
changing pressure difference (pressure balancing) be-
tween the crank chamber pressure Pc in back of the pis-
ton 29 and the suction chamber pressure Ps in front of
the piston 29 changes the inclination angle of the swash
plate 24 to change the piston stroke. Thus, the variable
displacement compressor includes a pressure control
mechanism having a gas extraction passage (not shown)
that allows the crank chamber 5 to communicate with the
suction chamber 7, an gas supply passage (not shown)
that allows the crank chamber 5 to communicate with the
discharge chamber 8, and a control valve 33 that is pro-
vided in the midstream of the gas supply passage to open
and close the gas supply passage. Here, Fig. 2 shows
the inclination angle of the swash plate 24 in a full stroke
mode, Fig. 3 shows the inclination angle of the swash
plate 24 in a middle stroke mode, and Fig. 4 shows the
inclination angle of the swash plate 24 in a destroke
mode.

Linkage Mechanism

[0046] The linkage mechanism 40 will be described in
detail. Fig. 5 is a perspective view showing a linkage
mechanism 40, Fig. 6 is a side view showing the linkage
mechanism 40 with a cross-section taken along line VI-
VIinFig. 2, and Fig. 7 is an enlarged sectional view show-
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ing the linkage mechanism 40. Fig. 8 is a side view show-
ing the rotor 21, Fig. 9 is a vertical sectional view showing
the rotor 21, Figs. 10(a) and 10(b) are views showing the
linkage member, Fig. 11 is a side view showing the hub
25 of the swash plate 24, and Fig. 12 is a vertical sectional
view showing the hub 25 of the swash plate 24.

[0047] As shown in Figs. 5 and 6, the linkage mecha-
nism 40 includes a pair of arms 41, 41 that extend from
the rotor 21 toward the hub 25 and face each other in the
rotary torque transfer direction, a pair of arms 43, 43 that
extend from the hub 25 toward the rotor 21 and face each
other in the rotary torque transfer direction, and a linkage
member 45 that is inserted between the pair of opposite
arms 41, 41 of the rotor 21 and between the pair of op-
posite arms 43, 43 of the hub 25.

[0048] Afirst end 45a of the linkage member 45 is piv-
oted to the pair of arms 41, 41 of the rotor 21 by a first
linking pin 46 extending in the rotary torque direction.
The second end 45b of the linkage member 45 is pivoted
to the pair of arms 43, 43 of the hub 25 by a second
linking pin 47 extending in the rotary torque direction.
[0049] As shown in Fig. 7, each of the arms 41, 41 of
the rotor 21 is formed with a through hole 41a to which
the first linking pin 46 is rotatably inserted. The first end
45a of the linkage member 45 is formed with a through
hole 45c, coaxially with the through hole 41a, to which
the first linking pin 46 is inserted with force. Each of the
arms 43, 43 of the hub 25 is formed with a through hole
43ato which the second linking pin 47 is rotatably insert-
ed. The second end 45b of the linkage member 45 is
formed with athrough hole 45d, coaxially with the through
hole 43a, to which the first linking pin 46 is inserted with
force. The first linking pin 46 and the second linking pin
47 have the same diameter and length.

[0050] The distance d1 between the pair of arms 41,
41 of the rotor 21 (that is, distance d1 between inner
surfaces 41d, 41d of the arms 41, 41) and the distance
d2 between the pair of arms 43, 43 of the hub 25 (that
is, distance d2 between inner surfaces 43d, 43d of the
arms 43, 43) are formed the same. The width d0O of the
linkage member 45 (that is, distance dO between outer
surfaces 45e, 45e of the linkage member) is formed the
same as the distance d1 between the arms 41, 41 of the
rotor 21 and the distance d2 between the arms 43, 43 of
the hub 25. Both of the outer faces 45e, 45e of the linkage
member 45 are formed flat without any unevenness.
[0051] Withthe above described structure, the present
embodiment brings about the following effects.

[0052] Firstly, the structure of the present embodiment
includes a pair of arms 41, 41 that extend from a rotor
21 as a "rotating member" toward a hub 25 of a swash
plate 24 as a "tilting member" and face each other in the
rotary torque transfer direction, a pair of arms 43, 43 that
extend from the hub 25 toward the rotor 21 and face each
other in the rotary torque transfer direction, and a linkage
member 45 that is inserted between the pair of facing
arms 41, 41 of the rotor 21 and between the pair of facing
arms 43, 43 of the hub 25. Comparing to conventional
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structures (see, for example, Japanese Patent Applica-
tion Laid-Open Publications No. 2003-172417 and No.
10-176658) including five arms in the torque transfer di-
rection, the present embodiment includes three arms (in
the side of the rotor 21, there are three arms including
the pair of arms 41, 41 of the rotor 21 and the linkage
member 45 inserted therebetween) (in the side of hub
25, there are three arms including the pair of arms 43,
43 of the hub 25 and the linkage member 45 inserted
therebetween).

[0053] With this structure, the torque durability of the
linkage mechanism 40 can be improved since each of
the members 41, 43, 45 is made thicker in the torque
transfer direction than the conventional structures with-
out increasing the size of the linkage mechanism 40 as
a whole. When layout restrictions corresponding to a
downsizing request require to reduce the size of the link-
age mechanism 40 in the torque transfer direction , the
linkage mechanism 40 can be significantly downsized as
maintaining sufficient thickness of each member 41, 43,
45 in torque transfer direction, comparing to the conven-
tional structures.

[0054] Secondly, since the width d1 between the pair
of arms 41, 41 of the rotor 21 and the width d2 between
the pair of arms 43, 43 of the hub 25 are formed the same,
the linkage member 45 whose first end 45a is inserted
betweenthe pairofarms 41, 41 of therotor 21 and second
end 45b is inserted between the pair of arms 43, 43 of
the hub 25 can be formed in a simple rectangular shape.
As a result, complicated cutting works are not required
when manufacturing the linkage member 45. The man-
ufacturing cost of the linkage member 45 can be signifi-
cantly reduced. For example, when the linkage member
is made of aluminum, it can be made by extruding.
[0055] Thirdly, the first linking pin 46 and the second
linking pin 47 have the same diameter and length, so that
apin can be used as the first linking pin 46 and the second
linking pin 47. Accordingly, the manufacturing cost of the
linkage mechanism 40 can be reduced. For example, a
manufacturing die can be used for both of the first linking
pin 46 and the second linking pin 47, so that the number
of necessary dies can be reduced. Further, workers do
not need to distinguish the first linking pin 46 and the
second linking pin 47 to store on a working bench in an
assembling process of the linkage mechanism 40, so that
work load can be reduced.

[0056] According to the first embodiment, the width d1
between the arms 41, 41 of the rotor 21 and the width d2
between the arms 43, 43 of the hub 25 are formed to be
the same width and the linkage member 45 is formed in
a rectangular shape; however, in the present invention,
the width d1 between the arms of the rotor 21 and the
width d2 between the arms of the hub may be formed
different and the linkage member 45B, 45C may be
formed with steps, as shown in Figs. 13 and 14. Herein-
after other linkage mechanisms 40B, 40C shown in Figs.
13 and 14 will be explained, elements which are same
as or similar to those of the first embodiment are repre-
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sented by same reference numbers and the explanations
of those elements are omitted here.

[0057] According to the linkage mechanism 40B
shown in Fig. 13, the width d2 between a pair of arms
43B, 43B of a hub 25 is formed larger than the width d1
between a pair of arms 41B, 41B of a rotor 21. Further,
the width (= d1) of a portion 45a which is to be inserted
between the arms 41B, 41B of the rotor 21 is smaller
than the width (= d2) of a portion 45b which is to be
inserted between the arms 43B, 43B of the hub 25. Ac-
cordingly, the linkage member 45B is formed with steps.
Further, the length of the second linking pin 47B is made
longer than the length of the first linking pin 46B.

[0058] Similar to the linkage mechanism 40 of the first
embodiment, the linkage mechanism 40B shown in Fig.
13 includes a pair of arms 41B, 41B that extend from a
rotor 21 as a "rotating member" toward a hub 25 of a
swash plate 24 as a "tilting member" and face each other
in the rotary torque transfer direction, a pair of arms 43B,
43B that extend from the hub 25 toward the rotor 21 and
face each other in the rotary torque transfer direction,
and a linkage member 45B that is inserted between the
facing arms 41B, 41B of the rotor 21 and between the
facing arms 43B, 43B of the hub 25. Unlike the conven-
tionaltechniques (see, for example, Japanese Patent Ap-
plication Laid-Open Publications No. 2003-172417 and
No. 10-176658) including five arms in the torque transfer
direction, the linkage mechanism 40B includes three
arms (in the side of the rotor 21, there are three arms
including the arms 41B, 41B of the rotor 21 and the link-
age member 45B inserted therebetween) (in the side of
hub 25, there are three arms including the arms 43B, 43B
of the hub 25 and the linkage member 45B inserted ther-
ebetween).

[0059] With this structure, each of the members (41B,
43B, 45B) can be made thicker in the torque transfer
direction than the conventional structures so that the
torque durability of the linkage mechanism 40B can be
improved without increasing the size of the linkage mech-
anism 40B.

[0060] Ifitis required to reduce the size of the linkage
mechanism 40B in the torque transfer direction according
to layout restrictions due to a downsizing request, the
linkage mechanism 40B can be significantly downsized
as maintaining sufficient thickness of each member (41B,
43B, 45B) in torque transfer direction, comparing to con-
ventional structures.

[0061] According to the linkage mechanism 40C
shown in Fig. 14, the width d2 between a pair of arms
43C, 43C of a hub 25 is made smaller than the width d1
between a pair of arms 41C, 41C of a rotor 21. Further,
the width (= d1) of a portion 45a which is to be inserted
between the arms 41C, 41C of the rotor 21 is made larger
than the width (= d2) of a portion 45b which is to be
inserted between the arms 43C, 43C of the hub 25. Ac-
cordingly, the linkage member 45C is formed with steps.
The second linking pin 47B is made shorter in length than
the first linking pin 46B.
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[0062] Similar to the linkage mechanism 40 of the first
embodiment, the linkage mechanism 40C shown in Fig.
14 alsoincludes a pair ofarms 41C, 41C that extend from
a rotor 21 as a "rotating member" toward a hub 25 of a
swash plate 24 as a "tilting member" and face each other
in the rotary torque transfer direction, a pair of arms 43C,
43C that extend from the hub 25 toward the rotor 21 and
face each other in the rotary torque transfer direction,
and a linkage member 45C that is inserted between the
facing arms 41C, 41C of the rotor 21 and between the
facing arms 43C, 43C of the hub 25. Unlike the conven-
tional structures (see, for example, Japanese Patent Ap-
plication Laid-Open Publications No. 2003-172417 and
No. 10-176658) including five arms in the torque transfer
direction, the linkage mechanism 40C includes three
arms (in the side of the rotor 21, there are three arms
including the arms 41C, 41C of the rotor 21 and the link-
age member 45C inserted therebetween) (in the side of
hub 25, there are three arms including the arms 43C,
43C of the hub 25 and the linkage member 45C inserted
therebetween).

[0063] With this structure, if the linkage mechanism
40C is made in the same size as the conventional linkage
mechanism, each of the members (41C, 43C, 45C) is
made thicker in the torque transfer direction than the con-
ventional structures so that the torque durability of the
linkage mechanism 40C is improved. When it is required
to reduce the size of the linkage mechanism 40C in the
torque transfer direction according to layout restrictions
due to a downsizing request, the linkage mechanism 40C
can be significantly downsized as maintaining sufficient
thickness of each member (41C, 43C, 45C) in torque
transfer direction, comparing to conventional structures.
[0064] As described above, according to the first em-
bodiment, a linkage mechanism includes a pair of arms
that extend from a rotating member toward a tilting mem-
ber and face each other in the rotary torque transfer di-
rection, a pair of arms that extend from the tilting member
toward the rotating member and face each other in the
rotary torque transfer direction, and a linkage member
that is inserted between the facing arms of the rotating
member and between the facing arms of the tilting mem-
ber. Unlike the conventional techniques (see, for exam-
ple, Japanese Patent Application Laid-Open Publica-
tions No. 2003-172417 and No. 10-176658) including five
arms in the torque transfer direction, the first embodiment
includes three arms (in the side of the rotating member,
there are three arms including the arms of the rotating
member and the linkage member inserted therebetween)
(in the side of the tilting member, there are three arms
including the arms of the tilting member and the linkage
member inserted therebetween). With this structure, the
torque durability of the linkage mechanism can be im-
proved because each member can be made thicker in
the torque transfer direction without increasing the size
of the linkage mechanism as a whole, than the conven-
tional structures (see, for example, Japanese Patent Ap-
plication Laid-Open Publications No. 2003-172417 and
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No. 10-176658).
(Second Embodiment)

[0065] A linkage mechanism 40F of the second em-
bodiment will be described in detail. Fig. 15 is a side view
showing the linkage mechanism 40F of the second em-
bodimentand Fig. 16 is an enlarged sectional view show-
ing the linkage mechanism 40F.

[0066] As shown in Fig. 15, the linkage mechanism
40F includes a pair of arms 41, 41 that extend from a
rotor 21 toward a swash plate 24 and face each other in
the rotary torque transfer direction across a slit 41s, a
pair of arms 43, 43 that extend from the swash plate 24
toward the rotor 21 and face each other in the rotary
torque transfer direction across a slit 43s, and a linkage
member 45 that is inserted into the slit 41s of the rotor
21 (that is, between the arms 41, 41) and into the slit 43s
of the swash plate 24 (that is, between the arms 43, 43).
[0067] Afirst end 45a of the linkage member 45 is piv-
otally connected to the arms 41, 41 of the rotor 21 by a
first linking pin 46 which extends in the rotary torque di-
rection, and a second end 45b of the linkage member 45
is pivotally connected to the arms 43, 43 of the swash
plate 24 by a second linking pin 47 which extends in the
rotary torque direction.

[0068] As shown in Figs. 15 and 16, the pair of arms
41, 41 of the rotor 21 have bearing holes 41a for rotatably
supporting the first linking pin 46 and the first end 45a of
the linkage member 45 has a fixing hole 45c to which the
first linking pin 46 is inserted with force. The pair of arms
43, 43 of the swash plate 24 have bearing holes 43a for
rotatably supporting the second linking pin 47 and the
second end 45b of the linkage member 45 has a fixing
hole 45d to which the second linking pin 47 is inserted
with force. The first linking pin 46 and the second linking
pin 47 have same diameter and length.

[0069] The width d1 of the slit 41s of the rotor 21 (that
is, the width between inner surfaces 41d, 41d of the arms
41, 41 of the rotor 21) and the width d2 of the slit 43s of
the swash plate 24 (that is, the width between inner sur-
faces 43d, 43d of the arms 43, 43 of the swash plate 24)
are formed in the same width. The linkage member 45
is formed in a rectangular shape and its outer surfaces
45e, 45e are formed flat without any unevenness. The
width dO of the linkage member 45 (that is, the width
between the outer surfaces 45e, 45e of the linkage mem-
ber 45) is set smaller than the width d1 of the slit 41s of
the rotor 21 and the width d2 of the slit 43 of the swash
plate 24.

[0070] According to the second embodiment, as
shown in Fig. 16, a clearance Ad (=d1-d0) between the
slit 41s of the rotor 21 and the linkage member 45 is set
larger than a predetermined value. With this structure, a
maximum inclination angle of the linkage member 45 rel-
ative to the arms 41, 41 of the rotor equals to a maximum
inclination angle of the first linking pin permissible in the
bearing clearance Ad1 (=d21-d11) between the first link-
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ing pin 46 and the bearing holes 41a, 41a. In other words,
as shown in Fig. 16, when the linkage member 45 tilts
maximally relative to the arms 41, 41 of the rotor 21 within
a permissible range in the clearance Ad1 (=d21-d11) be-
tween the first linking pin 46 and the bearing holes 41a,
41a, the linkage member 45 does not contact with both
of the facing surfaces 41d, 41d of the slit 41s but contacts
at only a point C1 shown in Fig. 16.

[0071] According to the second embodiment, the
clearance Ad (=d2-d0) between the slit 43s of the swash
plate 24 and the linkage member 45 is set larger than a
predetermined value. Accordingly, the maximum inclina-
tion angle of the linkage member 45 relative to the arms
43 of the swash plate equals to a maximum inclination
angle ofthe second linking pin 47 permissible in a bearing
clearance Ad2 (=d22-d12) between the second linking
pin 47 and the bearing holes 43a, 43a. In other words,
as shown in Fig. 16, even when the linkage member 45
tilts maximally toward the arms 43, 43 of the swash plate
within a permissible range in the clearance Ad2 (=d22-
d12) between the second linking pin 47 and the bearing
holes 43a, 43a, the linkage member 45 does not contact
with both of the facing surfaces 43d, 43d of the slit 43s
but contacts at only a point (that is, the point C2 shown
in Fig. 16).

[0072] Withthe above described structure, the second
embodiment brings about the following effects.

[0073] (1)According to the second embodiment, a slit
41s for receiving one of arms 41 of a rotating member
21 and a first end 45a of a linkage member 45 (arms 41
of a rotating member, in this embodiment) is provided to
the other of the arms 41 of the rotating member 21 and
the first end 45a of the linkage member 45 (the first end
45a of the linkage member 45, in this embodiment) and
they are pivotably connected each other by a first linking
pin 46 in a state that the other of them is inserted into the
one of them. A maximum inclination angle of the linkage
member 45 relative to the arms 41 of the rotating member
equals to a maximum inclination angle of the first linking
pin 46 permissible in a bearing clearance Ad1 (=d21-d11)
between the first linking pin 46 and its bearing holes 41a,
41a. In other words, when the linkage member 45 tilts
maximally relative to the arms 41 of rotating member with-
in a permissible range in the clearance Ad1 (=d21-d11)
between the first linking pin 46 and the bearing holes
41a, 41a, the portion of the linkage member 45 inserted
in the slit 41s (the first end 45a of the linkage member
45, in this embodiment) does not contact with both of the
opposite surfaces 41d, 41d of the slit 41s simultaneously
but contacts with only one 41d of the opposite surfaces
41d, 41d. Namely, unlike the conventional structures, the
linkage member 45 does not lockingly dig into at two
points.

[0074] (2)According to the second embodiment, a slit
43s for receiving one of arms 43 of a tilting member 25
and a second end 45b of the linkage member 45 (arms
43 of a tilting member, in this embodiment) is provided
to the other of the arms 43 of the tilting member 25 and
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the second end 45b of the linkage member 45 (the sec-
ond end 45b of the linkage member 45, in this embodi-
ment) and they are pivotably connected each other by a
second linking pin 47 in a state that the other 45 of them
isinserted into the one 43 of them. A maximum inclination
angle of the linkage member 45 relative to the arms 43
of the tilting member equals to a maximum inclination
angle ofthe second linking pin 47 permissible in a bearing
clearance Ad2 (=d22-d12) between the second linking
pin 47 and the bearing holes 43a, 43a. In other words,
when the linkage member 45 tilts maximally relative to
the arms 43 of tilting member within a permissible range
in the clearance Ad2 (=d22-d12) between the second
linking pin 47 and the bearing holes 43a, 43a, the portion
of the linkage member 45 inserted in the slit 43s (the
second end 45b of the linkage member 45, in this em-
bodiment) does not contact with both of the opposite sur-
faces 43d, 43d of the slit 43s simultaneously but contacts
with only one 43d of the opposite surfaces 43d, 43d.
Namely, unlike the conventional structures, the linkage
member 45 does not lockingly dig into at two points.
[0075] (3)According to the second embodiment, the
first linking pin 46 is fixed to a fixing hole 45c formed in
one of the arms 41 of the rotating member and the linkage
member 45 (linkage member 45, in this embodiment) and
supported by abearing holes 41a, 41aformedinthe other
of the arms 41 of the rotating member and the linkage
member 45 (the arms 41 of the rotating member, in this
embodiment). Thus, unlike cases that the bearing holes
are provided to the arms of the rotating member and the
linkage member, one of the holes is made as afixing hole
45c¢ so that the design of the linkage mechanism be-
comes easier.

[0076] (4)According to the second embodiment, the
second linking pin 47 is fixed to a fixing hole 45d formed
in one of the arms 43 of the tilting member and the linkage
member 45 (linkage member 45, in this embodiment) and
rotatably supported by bearing holes 43a, 43a formed in
the other of the arms 43 of the tilting member and the
linkage member 45 (the arms 43 of the tilting member,
in this embodiment). Thus, unlike cases that bearing
holes are provided to the arms of the tilting member and
the linkage member, one of the holes is made as a fixing
hole 45d so that the design of the linkage mechanism
becomes easier.

[0077] (5)According to the second embodiment, the
first end 45a of the linkage member 45 is inserted into
the slit41s whichis provided to the arms 41 of the rotating
member, and the second end 45b of the linkage member
45 is inserted into the slit 43s which is provided to the
arms 43 of the tilting member. In other words, the second
embodiment has the pair of arms 43, 43 that extend from
the rotating member 21 toward the tilting member 25 and
face each other across the slit 41s, the pair of arms 43,
43 that extend from the tilting member 25 toward the ro-
tating member 21 and face each other across the slit 43s,
and a linkage member 45 that is inserted between the
arms 41, 41 of the rotating member and between the
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arms 43, 43 of the tilting member.

[0078] Therefore, unlike the conventional structures
(see, for example, Japanese Patent Application Laid-
Open Publications No. 2003-172417 and No.
10-176658) including five arms in the torque transfer di-
rection, the present embodiment includes three arms (in
the side of the rotating member, there are three arms
including the arms 41, 41 of the rotating member and the
linkage member 45 inserted therebetween) (in the side
of the tilting member, there are three arms including the
arms 43, 43 of the tilting member and the linkage member
45 inserted therebetween).

[0079] Withthisstructure, evenwhen each ofthe mem-
bers (41, 43, 45) is made thicker in the torque transfer
direction in order to improve the torque durability of the
linkage mechanism 40F, the size of the linkage mecha-
nism 40F as a whole is not enlarged. If it is required to
reduce the size of the linkage mechanism 40F in the
torque transfer direction according to layout restrictions,
the linkage mechanism 40F can be significantly down-
sized as maintaining sufficient thickness of each member
(41, 43, 45) in torque transfer direction, comparing to
conventional structures.

[0080] (B)According to the second embodiment, the
width d1 of the slit 41s of the arms 41, 41 of the rotating
member and the width d2 of the slit 43s of the arms 43,
43 of the tilting member are formed in same width. Ac-
cordingly, the width d1 of the slit 41s of the arms 41, 41
of the rotating member and the width d2 of the slit 43s of
the arms 43, 43 of the tilting member are formed in same
width. Accordingly, the linkage member 45 can be made
in a simple rectangular shape. As a result, complicated
cutting works are not required when manufacturing the
linkage member 45, so that the manufacturing cost of the
linkage member 45 can be significantly reduced. For ex-
ample, when the linkage member is made of aluminum,
it can be made by extruding and the like.

[0081] (7)According to the second embodiment, the
first linking pin 46 and the second linking pin 47 have the
same diameter and length. Accordingly, a pin can be
used as the first linking pin 46 and the second linking pin
47 and the manufacturing cost of the linkage mechanism
40F can be reduced. For example, since a manufacturing
die can be used for both of the first linking pin 46 and the
second linking pin 47, the number of necessary dies can
be reduced. Further, workers do not need to distinguish
the first linking pin 46 and the second linking pin 47 to
sort on a working bench in an assembling process of the
linkage mechanism 40F, so that work load can be re-
duced.

[0082] Next, modifications of the second embodiment
will be explained.

First Modification of the Second Embodiment
[0083] Figs. 17 to 19 are views showing the first mod-

ification of the linkage mechanism according to the sec-
ond embodiment.
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[0084] A linkage mechanism 40G of the first modifica-
tion includes reduced-diameter portions 60, at axial ends
thereof, where the diameter is reduced at a certain cur-
vature, at a curvature that gradually increases, or at a
curvature that increases in stages. In other words, the
linking pins 46, 47 are crowned. Here, reference "61" in
Fig. 19 represents a linear portion located closer to the
end than the curved reduced-diameter portion 60. Ac-
cording to this modification, when the linkage member
45 tilts such that the linking pins 46, 47 tilt maximally
within the bearing clearance of bearing holes 41a, 41a,
the contact area of the linking pins 46, 47 and the bearing
holes 41a, 41a is increased at the edge portion so that
they do not dig into each other. Here, the curvature radius
is set according to the quality of material of the linking
pins and arms or the pressure between the surfaces of
the linking pins and the bearing holes. In this case, how-
ever, it is preferable that the curvature radius is larger
than the axial length of the linking pins 46, 47.

Second Modification of the Second Embodiment

[0085] Figs. 20 and 21 are views showing the second
modification of the linkage mechanism according to the
second embodiment.

[0086] A linkage mechanism 40H of the second mod-
ification includes expanded-diameter portions 70, at the
axial ends of the bearing holes 41a, 41a, and 43a, 43a.
The diameters of the expanded-diameter portions 70 are
expanded at certain curvature, at a curvature that grad-
ually increases, or ata curvature thatincreases in stages.
Accordingly, a similar effect to the crowned linking pins
46, 47 can be obtained. According to the second modi-
fication, when the linking pins 46, 47 tilt maximally within
the bearing clearance of the bearing holes 41a, 41a, the
contact area of the linking pins 46, 47 and the bearing
holes 41a, 41ais increased at the edges so that they do
no dig into each other.

(Third Embodiment)

[0087] The third embodiment of the present invention
will be explained with reference to Fig. 22.

[0088] According to a linkage mechanism 40J of the
third embodiment, holes 41a, 41a provided to arms 41,
41 of a rotating member are fixing holes to which a first
linking pin 46 is inserted with force to be fixed thereto,
and a hole 45c provided to a linkage member 45 is a
bearing hole to which the first linking pin 46 is rotatably
supported, in contrast to the second embodiment. And,
holes 43a, 43aprovided to arms 43, 43 of a tilting member
is fixing holes to which a second linking pin 47 is inserted
with force to be fixed thereto, and another hole 45c pro-
vided the linkage member 45 is a bearing hole to which
the second linking pin 47 is rotatably supported, in con-
trast to the second embodiment. Therefore, the third em-
bodiment can obtain similar effects to those of the second
embodiment.
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Modification of the Third Embodiment

[0089] Figs. 23 and 24 are views showing a modifica-
tion of the third embodiment.

[0090] A linkage mechanism 40K of this modification
includes an expanded-diameter portion 80 at axial ends
of the bearing holes 45c, 45d. The diameter is expanded
at certain curvature, at a curvature that gradually increas-
es, oratacurvature thatincreasesin stages. Accordingly,
a similar effect to the crowned linking pins 46, 47 can be
obtained. According to this modification, when the linking
pins 46, 47 tilt maximally within a permissible range in a
clearance in the bearing holes 45c, 45d, the increased
contact area between the linking pins 46, 47 and the bear-
ing holes 45c, 45d at the edges prevents themselves
from lockingly diging into each other.

[0091] In the above described linkage mechanism
40F, 40G, 40H, 40J, and 40K, the width d1 of the slit 41S
(between the arms 41, 41) of the rotor 21 and the width
d2 of the slit 43S (between the arms 43, 43) of the swash
plate 24 are formed to be the same width and the linkage
member 45 is formed in a rectangular shape. However,
for example, as shown in a linkage mechanism 40L in
Fig. 25 and a linkage mechanism 40M in Fig. 26, the
width d1 of the slit 41S (that is, between the arms) of the
rotor 21 and the width d2 of the slit 43S (that is, between
the arms) of the swash plate may be different and linkage
member 45B, 45C may be formed with steps.

[0092] In the above described linkage mechanism
40F, 40G, 40H, 40J, and 40K, the rectangular-shaped
linkage member 45 is inserted to the slit 41s (between
the arms 41, 41) of the rotor 21 and the slit 43s (between
the arms 43, 43) of the swash plate. However, for exam-
ple, as shown in the linkage mechanism 40N of Fig. 27,
a single arm 41 extending form the rotor 21 and a single
arm 43 extending form the swash plate 24 may be insert-
ed into slits 45s, 45s of an H-shaped linkage member
45D. Further, for example, as shown in a linkage mech-
anism 40P of Fig. 28, a single arm 43 extending from a
swash plate 24 may be inserted in a slit 45s of a second
end 45b of a Y-shaped linkage member 45 E and a first
end 45a of the linkage member 45 may be inserted in to
a slit 41s (between arms 41, 41) of a rotor 21.

[0093] According to the above described second and
third embodiments, if the portion inserted into the slit con-
tacts with only one of the facing surfaces in the slit when
a linkage member tilts maximally within a permissible
range in a clearance between bearing holes and linking
pins, the first linking pin may be rotatably supported by
each arms of the rotating member and the linkage mem-
ber and the second linking pin may be supported by each
arms of the rotating member and the linkage member. In
addition, each bearing hole may be a bottomed hole.
[0094] Further, according to the second and third em-
bodiments, the linking pins are inserted with force and
fixed to the fixing holes; however, the linking pins may
be fixed to the fixing holes by screws and the like.
[0095] Further, according to the second and third em-
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bodiments, the first linking pin may be formed integrally
with one of the arms of the rotating member or the linkage
member, and the second linking pin may be formed in-
tegrally with one of the arm of the tilting member and the
linkage member.

[0096] Fig. 29 shows a linkage mechanism as a com-
parative example.

[0097] Alinkage mechanism shown in Fig. 29 includes
a pair of rotor arms 145, 146 extending form a rotor 140
toward a swash plate 141, a single swash plate arm 147
extending from the swash plate 141 toward the rotor 140,
and a pair of link arms 142A, 142B sandwiched therebe-
tween. These five arms 145, 142A, 147, 143B, 146 are
stacked in the torque transfer direction, so that the rota-
tion of the rotor 140 is transferred to the swash plate.
Firstends of the pair of link arms 142A, 142B are rotatably
connected to the pair of rotor arms 145, 146 by the first
linking pin 143 and the second ends of the pair of link
arms 142A, 142B are rotatably connected to the swash
plate arms 147 by the second linking pin 144. With this,
the link arms 142A, 142B rotates about the linking pin
143 with respect to the rotor arms 145, 146 and the swash
plate arms 147 rotates about the linking pin 144 with re-
spect to the link arms 142A, 142B. As a result, an incli-
nation angle of the swash plate 141 is made to be varied
with respect to a drive shaft (not shown).

When the compressor is operative, a contact face be-
tween the rotor arm 145 and the link arm 142A and a
contact face between the link arm 142A and the swash
plate arms 147 function as torque transferring faces, and
also, as rotating-sliding faces. In other words, the rotor
arm 145 and the link arm 142A slides and rotates with
respect to one another under a large pressure of the ro-
tary torque. The link arm 142A and the swash plate arm
147 also slide and rotate with respect to one another
under a large pressure of the rotary torque Ft. Accord-
ingly, when changing the inclination angle of the swash
plate 141, the slide friction resistance at the contact be-
tween the rotor arm 145 and the link arm 142A becomes
extremely high and the slide friction resistance at the con-
tact between the link arm 142A and the swash plate arm
147 also becomes extremely high.

[0098] Further, when the compressor is operative
(when the drive shaft rotates), the swash plate 141 re-
ceives compression reaction force Fp form a piston (not
shown) connected to the swash plate 141. As shown in
Fig. 29, since the compression reaction force Fp is ap-
plied to a position anterior to the linkage mechanism in
the rotating direction, torsion load is given to the swash
plate arms 147 in the Y direction in the figure. Accord-
ingly, the link 142 gets "stack" in the swash plate 141 at
two points (C, C) and this causes a further increased
slide friction resistance.

[0099] Unlike the linkage mechanism shown in Fig. 29,
in the linkage mechanisms 40F, 40G, 40H, 40J, 40K,
40L, 40M, 40N, and 40P according to the second and
third embodiments, the maximum inclination angle of the
linkage member 45 relative to the arms 41 of the rotating

10

15

20

25

30

35

40

45

50

55

11

member equals to the maximum inclination angle of the
first linking pin 46 in the bearing clearance Ad1(=d21-
d11) betweenthefirstlinking pin 46 and the bearing holes
41a, 41a. In other words, even when the linkage member
45 maximally tilts wit respect to the arms 41 of the rotating
member within a permissible range in the bearing clear-
ance Ad1 (=d21-d11) between the first linking pin 46 and
the bearing holes 41a, 41a, a portion inserted in to the
slit 41s (here, the first end 45a of the linkage member
45) contacts with only one of the facing surfaces 41d and
do not contact with the both of the facing surfaces 41d,
41d on the slit 41 at the same time. That is, unlike the
linkage mechanism shown in Fig. 29, they will not lock-
ingly dig into each other at two points. Therefore, the
durability of the linkage mechanisms 40F, 40G, 40H, 40J,
40K, 40L, 40M, 40N, and 40P is improved.

[0100] In the first to third embodiments, the swash
plate 24 is composed of a swash plate body 26 and a
hub 25 which are made of different materials; however,
a swash plate 24 may be integrally formed in the present
invention.

[0101] In the, first to third embodiments, the swash
plate 24 is attached to the drive shaft S via a sleeve 22;
however, for example, a sleeveless structure in which
the swash plate 24 is directly attached to the drive shaft
S without a sleeve may be employed in the present in-
vention.

[0102] In the first to third embodiments, a swash-type
swash plate is used; however, a wobble-type swash plate
may be employed in the present invention.

[0103] Further, it will be appreciated that the present
invention can be implemented with various modifications
within the technical scope of the present invention.

INDUSTRIAL APPLICABILITY

[0104] The linkage mechanism according to the
present invention can be applied not only to compressors
but also as a linkage mechanism in other devices. Fur-
ther, the compressor according to the present invention
can be applied to various fields, for example, as a com-
pressor for a refrigeration cycle to compress refrigerant,
or as a compressor for compressing gas such as air.

Claims
1. A linkage mechanism comprising:

a rotating member fixed to a drive shaft and ro-
tating integrally with the drive shaft;

a tilting member slidably attached to the drive
shaft and being tiltable with respect to the drive
shaft;

a pair of arms extending from the rotating mem-
ber toward the tilting member and facing each
other in a rotary torque transfer direction;

a pair of arms extending form the tilting member
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toward the rotating member and facing each oth-
er in the rotary torque transfer direction; and

a linkage member inserted between the pair of
arms of the rotating member and between the
pair of arms of the tilting member.

The linkage mechanism according to claim 1, where-
in one end of the linkage member is rotatably con-
nected to the pair of arms of the rotating member by
the first linking pin and the other end of the linkage
member is rotatably connected to the pair of arms
of the tilting member by the second linking pin.

The linkage mechanism according to claim 1, where-
in a distance between the pair of arms of the rotating
member and a distance between the pair of arms of
the tilting member are formed in a same size.

The linkage mechanism according to claim 3, where-
in the first linking pin and the second linking pin have
the same diameter and length.

A variable displacement compressor comprising:

a drive shaft;

a rotating member fixed to the drive shaft and
rotating integrally with the drive shaft;

a tilting member slidably attached to the drive
shaft and being tiltable with respect to the drive
shaft;

a linkage mechanism linking the rotating mem-
ber and the tilting member and transferring ro-
tary torque of the rotating member to the tilting
member as allowing a tilt of the tilting member
to change; and

a piston configured to reciprocate in a cylinder
bores corresponding to rotary movement of the
tilting member; wherein

the linkage mechanism includes:

a pair of arms extending from the rotating mem-
ber toward the tilting member and facing each
other in a rotary torque transfer direction;

a pair of arms extending form the tilting member
toward the rotating member and facing each oth-
er in the rotary torque transfer direction; and

a linkage member inserted between the pair of
arms of the rotating member and between the
pair of arms of the tilting member.

The variable displacement compressor according to
claim 5, wherein one end of the linkage member is
rotatably connected to the pair of arms of the rotating
member by the first linking pin and the other end of
the linkage member is rotatably connected to the pair
of arms of the tilting member by the second linking

pin.

The variable displacement compressor according to
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claim 5, wherein a distance between the pair of arms
of the rotating member and a distance between the
pair of arms of the tilting member are formed in the
same size.

The variable displacement compressor according to
claim 7, wherein the first linking pin and the second
linking pin have the same diameter and length.

A linkage mechanism comprising:

a rotating member fixed to a drive shaft and ro-
tating integrally with the drive shaft;

a tilting member slidably attached to the drive
shaft and being tiltable with respect to the drive
shaft;

an arm extending from the rotating member to-
ward the tilting member;

an arm extending form the tilting member toward
the rotating member; and

a linkage member provided between the arm of
the rotating member and the arm of the tilting
member; wherein

a slitis provided to one of the arm of the rotating
member and one end of the linkage member,
the other of the arm of the rotating member and
the end of the linkage member is inserted into
the one, the arm of the rotating member and the
one end of the linkage member are rotatably
connected each other by a first linking pin; and
a maximum inclination angle of the linkage
member relative to the arm of the rotating mem-
ber corresponds to a maximum inclination angle
of the first linking pin in a bearing clearance be-
tween the first linking pin and a bearing hole for
the first linking pin.

The linkage mechanism according to claim 9, where-
in the first linking pin is fixed to a fixing hole provided
in one of the arms of the rotating member and the
linkage member and rotatably supported in the bear-
ing hole provided in the other of the arms of the ro-
tating member and the linkage member.

The linkage mechanism according to claim 9, where-
in the linking pin includes a reduced-diameter por-
tion, at axial ends, where the diameter is reduced at
a certain curvature, at a curvature that gradually in-
creases, or at a curvature that increases in stages.

The linkage mechanism according to claim 9, where-
in the bearing hole includes an expanded-diameter
portion, at axial ends, where the diameter is enlarged
at a certain curvature, at a curvature that gradually
increases, or at a curvature that increases in stages.

The linkage mechanism according to claim 9, where-
in
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the slitis provided to the arm of the rotating member
and the one end of the linkage member is inserted
into the slit; and

the slit is provided to the arm of the tilting member
and the other end of the linkage member inserted
into the slit.

The linkage mechanism according to claim 13,
wherein a width of the slit in the rotating member and
a width of the slit in the tilting member are formed in
the same width.

The linkage mechanism according to claim 9, where-
in the first linking pin and the second linking pin have
the same diameter and length.

A linkage mechanism comprising:

a rotating member fixed to a drive shaft and ro-
tating integrally with the drive shaft;

a tilting member slidably attached to the drive
shaft and being tiltable with respect to the drive
shaft;

an arm extending from the rotating member to-
ward the tilting member;

an arm extending form the tilting member toward
the rotating member; and

a linkage member provided between the arm of
the rotating member and the arm of the tilting
member; wherein

a slit is provided to one of the arm of the tilting
member and the other end of the linkage mem-
ber, the other of the arm of the tilting member
and the other end of the linkage member insert-
ed into the one, the arm of the tilting member
and the other end of the linkage member are
rotatably connected each other by a second link-
ing pin; and

a maximum inclination angle of the linkage
member relative to the arm of the tilting member
corresponds to a maximum inclination angle of
the second linking pin in a bearing clearance
between the second linking pin and a bearing
hole for the second linking pin.

The linkage mechanism according to claim 16,
wherein the second linking pin is fixed to a fixing hole
provided to one of the arms of the tilting member and
the linkage member and rotatably supported in the
bearing hole provided to the other of the arms of the
tilting member and the linkage member.

The linkage mechanism according to claim 16,
wherein the linking pin includes a reduced-diameter
portion, at axial ends, where the diameter is reduced
at a certain curvature, at a curvature that gradually
increases, or at a curvature that increases in stages.
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The linkage mechanism according to claim 16,
wherein the bearing hole includes an expanded-di-
ameter portion, at axial ends, where the diameter is
enlarged at a certain curvature, at a curvature that
gradually increases, or at a curvature that increases
in stages.

The linkage mechanism according to claim 16,
wherein

the slit is provided to the arm of the rotating member
and one end of the linkage member is inserted into
the slit; and

the slit is provided to the arm of the tilting member
and the other end of the linkage member inserted
into the slit.

The linkage mechanism according to claim 20,
wherein a width of the slit in the rotating member and
a width of the slit in the tilting member are formed in
the same width.

The linkage mechanism according to claim 16,
wherein the first linking pin and the second linking
pin have the same diameter and length.

A variable displacement compressor comprising:

a drive shaft;

a rotating member fixed to the drive shaft and
rotating integrally with the drive shaft;

a tilting member slidably attached to the drive
shaft and being tiltable with respect to the drive
shatft;

a linkage mechanism linking the rotating mem-
ber and the tilting member and transferring ro-
tary torque of the rotating member to the tilting
member as allowing a tilt of the tilting member
to change; and

a piston configured to reciprocate in a cylinder
bores corresponding to rotary movement of the
tilting member; wherein

the linkage mechanism includes:

an arm extending from the rotating member to-
ward the tilting member;

an arm extending form the tilting member toward
the rotating member; and

a linkage member provided between the arm of
the rotating member and the arm of the tilting
member; and wherein

a slit is provided to one of the arm of the rotating
member and one end of the linkage member,
the other of the arm of the rotating member and
the one end of the linkage member into the one,
the arm of the rotating member and the one end
of the linkage member are rotatably connected
each other by a first linking pin; and

a maximum inclination angle of the linkage
member relative to the arm of the rotating mem-
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ber corresponds to a maximum inclination angle
of the first linking pin in a bearing clearance be-
tween the first linking pin and a bearing hole for
the first linking pin.

The variable displacement compressor according to
claim 23, wherein the first linking pin is fixed to a
fixing hole provided in one of the arms of the rotating
member and the linkage member and rotatably sup-
ported in the bearing hole provided to the other of
the arms of the rotating member and the linkage
member.

The variable displacement compressor according to
claim 23, wherein the linking pin includes a reduced-
diameter portion, at axial ends, where the diameter
is reduced at a certain curvature, at a curvature that
gradually increases, or at a curvature that increases
in stages.

The variable displacement compressor according to
claim 23, wherein the bearing hole includes an ex-
panded-diameter portion, at axial ends, where the
diameter is enlarged at a certain curvature, at a cur-
vature that gradually increases, or in stages.

The variable displacement compressor according to
claim 23, wherein

the slit is provided to the arm of the rotating member
and the one end of the linkage member is inserted
into the slit; and

the slit is provided to the arm of the tilting member
and the other end of the linkage member inserted
into the slit.

The variable displacement compressor according to
claim 27, wherein a width of the slit in the rotating
member and a width of the slit in the tilting member
are formed in the same width.

The variable displacement compressor according to
claim 23, wherein the first linking pin and the second
linking pin have the same diameter and length.

A variable displacement compressor comprising:

a drive shaft;

a rotating member fixed to the drive shaft and
rotating integrally with the drive shaft;

a tilting member slidably attached to the drive
shaft and being tiltable with respect to the drive
shatft;

a linkage mechanism linking the rotating mem-
ber and the tilting member and transferring ro-
tary torque of the rotating member to the tilting
member as allowing a tilt of the tilting member
to change; and

a piston configured to reciprocate in a cylinder
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bores corresponding to rotary movement of the
tilting member; wherein

the linkage mechanism includes:

an arm extending from the rotating member to-
ward the tilting member;

an arm extending form the tilting member toward
the rotating member; and

a linkage member provided between the arm of
the rotating member and the arm of the tilting
member; and wherein

a slit is provided to one of the arm of the tilting
member and the other end of the linkage mem-
ber, the other of the arm of the tilting member
and the other end of the linkage member insert-
ed into the one, the arm of the tilting member
and the other end of the linkage member are
rotatably connected each other by a second link-
ing pin; and

a maximum inclination angle of the linkage
member relative to the arm of the tilting member
equals to a maximum inclination angle of the
second linking pin in a bearing clearance be-
tween the second linking pin and a bearing hole
for the second linking pin.

The variable displacement compressor according to
claim 30, wherein the second linking pin is fixed to
a fixing hole provided to one of the arms of the tilting
member and the linkage member and rotatably sup-
ported in the bearing hole provided to the other of
the arms of the tilting member and the linkage mem-
ber.

The variable displacement compressor according to
claim 30, wherein the linking pin includes a reduced-
diameter portion, at axial ends, where the diameter
is reduced at a certain curvature, at a curvature that
gradually increases, or at a curvature that increases
in stages.

The variable displacement compressor according to
claim 30, wherein the bearing hole includes an ex-
panded-diameter portion, at axial ends, where the
diameter is enlarged at a certain curvature, at a cur-
vature that gradually increases, or in stages.

The variable displacement compressor according to
claim 30, wherein

the slit is provided to the arm of the rotating member
and one end of the linkage member is inserted into
the slit; and

the slit is provided to the arm of the tilting member
and the other end of the linkage member inserted
into the slit.

The variable displacement compressor according to
claim 34, wherein a width of the slit in the rotating
member and a width of the slit in the tilting member
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are formed in same width.

36. The variable displacement compressor according to
claim 30, wherein the first linking pin and the second
linking pin have the same diameter and length.
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