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(54) Variable displacement compressor

(57) A variable displacement compressor has a pin
for forming a part of connecting mechanism interposed
between a cam member and a rotary support. When one
of the cam member and the rotary support forms a part
of support while the other forms a part of pin guide, the
connecting mechanism has a pin supported by the sup-
port and a pair of guide portions which is provided in the
pin guide. Each of the opposite ends of the pin has a

guided circumferential surface. Each guide portion has
a plurality of guide surfaces, each of which is allowed to
come in contact with the corresponding guided circum-
ferential surface to guide the corresponding end of the
pin. Each guided circumferential surface extends in the
direction of an axis of the pin, and besides, the guided
circumferential surface is formed by a convex curve that
projects outward from the pin.
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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a variable displacement compressor having a cam member which is inclinably
connected to a rotary support fixed on a rotary shaft through a connecting mechanism and operable to control its
displacement by controlling the pressure in a pressure control chamber having therein the cam member thereby to
change the inclination angle of the cam member.

[0002] The Japanese Patent Application Publication No. 2001-289159 discloses a connecting mechanism for a swash
plate of the variable displacement compressor. In this prior art, the swash plate (cam member) is provided with a pin at
a predetermined position. Each of the opposite ends of the pin is provided with a spherical portion. The rotor (rotary
support) which is rotatable with the rotary shaft is provided with a pair of long grooves which are substantially parallel
to each other. The connecting mechanism is so arranged that the pair of spherical portions are guided in the pair of long
grooves, respectively. In another example, the rotor is provided with a pin and the swash plate is provided with a pair
of long grooves. The swash plate is inclinably supported by a hinge ball which is slidable along the circumferential surface
of the rotary shaft. Thus guiding the paired spherical portions of the pin in the paired long grooves enables the swash
plate to incline about the hinge ball.

[0003] The diameter of the spherical portion is formed to be smaller than the width of the long groove, and the spherical
portion is in point contact with the wall surface of the long groove. The abrasion at the contact point causes clearance
between the spherical portion and the wall surface of the long groove to be increased, so that looseness tends to generate
abnormal noise. Therefore, contact pressure between the spherical portion and the wall surface of the long groove
should be reduced to avoid the abrasion. In the above structure where the spherical portion whose diameter is smaller
than the width of the long groove and the wall surface of the long groove are in point contact with each other, however,
contact pressure therebetween is relatively large.

[0004] The Japanese Patent Application Publication No. 10-274154 discloses a connecting mechanism for a swash
plate of a variable displacement compressor. In this prior art, the swash plate is provided with a pin. The rotor (rotary
support) which is rotatable with the rotary shaft is provided with a pair of engaging portions each having a groove. In
another example, the rotor is provided with a pin and the swash plate is provided with a pair of engaging portions.
[0005] The connecting mechanism is so arranged that the opposite ends (connecting portions) of the pin are guided
in the pair of grooves, respectively. The swash plate is inclinably supported by the spherical bushing which is slidable
along the circumferential surface of the rotary shaft. Thus guiding the opposite ends of the pin in the pair of grooves
enables the swash plate to incline about the spherical bushing.

[0006] Each end of the pin has a cylindrical surface. In the example where the swash plate is provided with a pin,
each engaging portion of the rotor is in contact with a part of the cylindrical surface of the end of the pin adjacent to the
swash plate to guide the end of the pin. In the example where the rotor is provided with a pin, each engaging portion of
the swash plate is in contact with a part of the cylindrical surface of the end of the pin adjacent to the rotor to guide the
end of the pin.

[0007] If the cylindrical surface of the end of the pin comes in contact with the guide surface of the engaging portion
of the rotor or the swash plate, the contact pressure between the end of the pin and the guide surface is reduced
compared to the case of the spherical portion of the Japanese Patent Application Publication No. 2001-289159.
[0008] Since there is an angled portion at the boundary between the cylindrical surface and the end face of the end
of the pin, however, the angled portion comes in contact with the guide surface of the engaging portion of the rotor or
the swash plate if the pinis inclined. The contact pressure at the angled portion caused by the above contact therebetween
is relatively large. Therefore, the angled portion is worn away to increase the clearance between the guide surface and
the angled portion, so that looseness tends to generate abnormal noise. The similar abrasive problem occurs as in the
case where the cylindrical surface of the end of the pin comes in contact with an angled portion of the guide surface of
the engaging portion of the rotor or the swash plate.

[0009] The present invention is directed to a variable displacement compressor wherein edge contact between a pin
forming a part of connecting mechanism interposed between a cam member and a rotary support and an object which
is to be in slide contact with the pin is prevented, and besides, contact pressure between the end of the pin and the
object is reduced.

SUMMARY OF THE INVENTION

[0010] Inaccordance with a first aspect of the present invention, a variable displacement compressor includes a rotary
shaft, a cam member which is rotatable with the rotary shaft, a piston which is operable in conjunction with rotation of
the rotary shaft through the cam member, and a rotary support fixed on the rotary shaft. The cam member is connected
to the rotary support through a connecting mechanism in such a way that inclination angle of the cam member is variable.
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When one of the cam member and the rotary support forms a part of support while the other of the cam member and
the rotary support forms a part of pin guide, the connecting mechanism has a pin supported by the support, and a pair
of guide portions which is provided in the pin guide so that the guide portions guide opposite ends of the pin, respectively.
The inclination angle of the cam member is varied and displacement of the compressor is varied by controlling pressure
in a pressure control chamber having therein the cam member. The variable displacement compressor is characterized
in that each end of the pin has a guided circumferential surface, in that each guide portion has a plurality of guide
surfaces, each of which is allowed to come in contact with the corresponding guided circumferential surface to guide
the corresponding end of the pin, in that each guided circumferential surface extends in the direction of an axis of the
pin, and besides, the guided circumferential surface is formed by a convex curve that projects outward from the pin, in
that at least a part of the convex curve includes a curve whose curvature is smaller than that of the circle with the same
diameter as a diameter of a circle for the end, and in that a line segment connecting two points on the convex curve is
located inside the end of the pin.

[0011] In accordance with a second aspect of the present invention, a variable displacement compressor includes a
rotary shaft, a cam member which is rotatable with the rotary shaft, a piston which is operable in conjunction with rotation
of the rotary shaft through the cam member, and a rotary support fixed on the rotary shaft. The cam member is connected
to the rotary support through a connecting mechanism in such a way that inclination angle of the cam member is variable.
When one of the cam member and the rotary support forms a part of support while the other of the cam member and
the rotary support forms a part of pin guide, the connecting mechanism has a pin supported by the support, and a pair
of guide portions which is provided in the pin guide so that the guide portions guide opposite ends of the pin, respectively.
The inclination angle of the cam member is varied and displacement of the compressor is varied by controlling pressure
in a pressure control chamber having therein the cam member. The variable displacement compressor is characterized
in that each end of the pin has a cylindrical surface, in that each guide portion has a plurality of guide surfaces, each of
which is allowed to come in contact with the corresponding cylindrical surface to guide the corresponding end of the pin,
in that each guide surface extends in the direction of an axis of the pin, and besides, the guide surface is formed by a
convex curve that projects toward the corresponding end of the pin, in that at least a part of the convex curve includes
a curve whose curvature is smaller than that of the circle with the same diameter as a diameter of a circle for the end,
and in that a line segment connecting two points on the convex curve is located inside the guide portion.

[0012] Other aspects and advantages of the invention will become apparent from the following description, taken in
conjunction with the accompanying drawings, illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The features of the present invention that are believed to be novel are set forth with particularity in the appended
claims. The invention together with objects and advantages thereof, may best be understood by reference to the following

description of the presently preferred embodiments together with the accompanying drawings in which:

FIG. 1is a longitudinal sectional view showing a variable displacement compressor according to a first embodiment
of the present invention;

FIG. 2A is a partial plan view of FIG. 1;

FIG. 2B is a partial view showing plane cross section of FIG. 2A;
FIG. 2C is a partially broken enlarged plan view of FIG. 2B;

FIG. 2D is a partially broken enlarged plan view of FIG. 2B;

FIG. 3 is a partially broken plan view of FIG. 2B;

FIG. 4is apartially broken plan view showing a variable displacement compressor according to a second embodiment
of the present invention;

FIG. 5Ais a partially broken plan view showing a variable displacement compressor according to a third embodiment
of the present invention;

FIG. 5B is a partially broken enlarged plan view of FIG. 5A;

FIG. 5C is a partially broken enlarged plan view of FIG. 5A;
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FIG. 6Ais apartially broken plan view showing a variable displacement compressor according to a fourth embodiment
of the present invention;

FIG. 6B is a partially broken enlarged plan view of FIG. 6A,;
FIG. 6C is a partially broken enlarged plan view of FIG. 6A;

FIG. 7A is a partial view showing plane cross section of a variable displacement compressor according to a fifth
embodiment of the present invention;

FIG. 7B is a partially broken enlarged plan view of FIG. 7A; and

FIG. 8 is a partial view showing plane cross section of a variable displacement compressor according to a sixth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] The following will describe a first embodiment of a variable displacement compressor according to the present
invention with reference to FIGs. 1 through 3. Referring firstly to FIG. 1, the variable displacement compressor designated
by numeral 10 includes a cylinder block 11 and a front housing 12 which is connected to the front end of the cylinder
block 11. A rear housing 13 is connected to the rear end of the cylinder block 11 through a valve plate 14 and a suction
valve forming plate 15. The cylinder block 11, the front housing 12 and the rear housing 13 cooperate to form a housing
of the variable displacement compressor 10.

[0015] Arotary shaft 16 is rotatably supported by the front housing 12 and the cylinder block 11 through radial- bearings
17, 18, respectively. The front housing 12 and the cylinder block 11 cooperate to form a pressure control chamber 121.
The rotary shaft 16 extends out of the pressure control chamber 121 and is connected to a vehicle engine E that serves
as an external drive source for receiving therefrom a driving force.

[0016] A rotary support 19 is fixedly mounted on the rotary shaft 18, and a swash plate 20 that serves as a cam
member is supported by the rotary shaft 16 in such a way that it is slidable in the direction of the axis 161 of the rotary
shaft 16 and also inclinable relative to the axis 161. The rotary shaft 16 is inserted through a hole 201 formed at the
center of the swash plate 20 in such a way that the swash plate 20 is slidable along the outer circumferential surface of
the rotary shaft 16 through the peripheral wall of the hole 201.

[0017] Referring to FIG. 2A, the swash plate 20 has a support arm 21 formed integrally therewith on the side opposite
to the rotary support 19. As shown in FIG. 2B, the support arm 21 has a hole 211 extending in the direction perpendicular
to the axis 161 of the rotary shaft 16 and a pin 22 is press-fitted in the hole 211. The pin 22 has a mid portion 221 which
is held and supported by the support arm 21. The swash plate 20 and the support arm 21 cooperate to form a support
for the pin 22.

[0018] The pin 22 has guided portions 25, 26 which are formed integral with and on the opposite sides of the mid
portion 221, as shown in FIG. 2B. The guided portions 25, 26 correspond to first and second ends of the present invention,
respectively.

[0019] As shown in FIG. 2D, the guided portion 25 has a guided circumferential surface 251, a conical surface 252
and an end face 253 which are formed in continuity with each other in this order. The guided circumferential surface
251 is a convex curved surface that projects outward from the guided portion 25 of the pin 22. The boundary between
the guided circumferential surface 251 and the conical surface 252 which is designated by numeral 254 is formed by
an angled portion in the form of an obtuse angle. The guided circumferential surface 251 and the mid portion 221 have
formed therebetween an annular recess 223. The boundary between the guided circumferential surface 251 and the
annular recess 223 which is designated by numeral 255 is formed by an angled portion in the form of an obtuse angle.
The annular recess 223 facilitates abrasion processing of the guided circumferential surface 251.

[0020] As shown in FIG. 2C, the guided portion 26 has a guided circumferential surface 261, a conical surface 262
and an end face 263 which are formed in continuity with each other in this order. The guided circumferential surface
261 is a convex curved surface that projects outward from the guided portion 26 of the pin 22. The boundary between
the guided circumferential surface 261 and the conical surface 262 which is designated by numeral 264 is formed by
an angled portion in the form of an obtuse angle. The guided circumferential surface 261 and the mid portion 221 have
formed therebetween an annular recess 224. The boundary between the guided circumferential surface 261 and the
annular recess 224 which is designated by numeral 265 is formed by an angled portion in the form of an obtuse angle.
The annular recess 224 facilitates abrasion processing of the guided circumferential surface 261.

[0021] As shown in FIG. 3, the guided circumferential surface 251 extends in the direction of an axis 222 of the pin
22, and besides, the guided circumferential surface 251 is formed by a first convex curve E1 that projects outward from
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the pin 22. The first convex curve E1 is a generatrix of the guided circumferential surface 251. The curvature of the first
convex curve E1 is set smaller than that of the circle with the same diameter as a diameter of a circle for the guided
portion 25 (maximum diameter R1 of circles for the guided circumferential surface 251), and the guided circumferential
surface 251 is formed by rotating the generatrix (the first convex curve E1) around the axis 222 of the pin 22. The line
segment connecting two points on the first convex curve E1 is located inside the guided portion 25. FIG. 2D shows an
example of the line segment by reference sign L1.

[0022] The guided circumferential surface 261 extends in the direction of the axis 222 of the pin 22, and besides, the
guided circumferential surface 261 is formed by a second convex curve E2 that projects outward from the pin 22. The
second convex curve E2 is a generatrix of the guided circumferential surface 261. The curvature of the second convex
curve E2 is set smaller than that of the circle with the same diameter as a diameter of a circle for the guided portion 26
(maximum diameter R2 of circles for the guided circumferential surface 261), and the guided circumferential surface
261 is formed by rotating the generatrix (the second convex curve E2) around the axis 222 of the pin 22. The line segment
connecting two points on the second convex curve E2 is located inside the guided portion 26. FIG. 2C shows an example
of the line segment by reference sign L2.

[0023] The first convex curve E1 and the second convex curve E2 are arched curve. The guided portion 25 and the
guided portion 26 form symmetry of reflection relative to an imaginary plane Y (shown in FIG. 3) which is perpendicular
to the axis 222 of the pin 22 in the middle of the axis 222 of the pin 22. The radii of curvatures of the first convex curve
E1 and the second convex curve E2 are set to be the same, and the diameters R1, R2 of circles for the guided portions
25, 26 are set to be the same. The radii of curvatures of the first convex curve E1 and the second convex curve E2 are
ten or more times the radius of the circle with the diameter R1 (=R2). When the central angle of the first convex curve
E1 (the center of the circle for the first convex curve E1 being designated by reference symbol E1 c) is designated by
reference symbol 8 (whose unit is radian), the central angle of the second convex curve E2 (the center of the circle for
the second convex curve E2 being designated by reference symbol E2c) is also designated by reference symbol 6.
[0024] As shown in FIG. 2A, the rotary support 19 has a pair of guide arms 23, 24 formed integrally therewith on the
side opposite to the swash plate 20. The guide arms 23, 24 serve as a pair of guide portions of the present invention,
respectively. The guide arm 23 has a first guide wall 27, a second guide wall 28 and a third guide wall 29 and the guide
arm 24 has a fourth guide wall 30, a fifth guide wall 31 and a sixth guide wall 32.

[0025] As shown in FIG. 2B, the first guide wall 27 has a guide plane 271 which is allowed to come in contact with a
part of the guided circumferential surface 251 adjacent to the swash plate 20. The second guide wall 28 has a guide
plane 281 which is allowed to come in contact with a part of the guided circumferential surface 251 adjacent to the rotary
support 19. The third guide wall 29 has a guide plane 291 which is allowed to come in contact with the end face 253.
The guide planes 271, 281 are in parallel with each other. The guide planes 271, 281, 291 are formed so as to guide
the pin 22 in the direction that is perpendicular to the axis 222 of the pin 22 and also in the direction that is inclined from
the axis 161 of the rotary shaft 16. The third guide wall 29 performs the function of restricting the movement in the
direction of the axis 222 of the pin 22.

[0026] The fourth guide wall 30 has a guide plane 301 which is allowed to come in contact with a part of the guided
circumferential surface 261 adjacent to the swash plate 20. The fifth guide wall 31 has a guide plane 311 which is allowed
to come in contact with a part of the guided circumferential surface 261 adjacent to the rotary support 19. The sixth guide
wall 32 has a guide plane 321 which is allowed to come in contact with the end face 263. The guide planes 301, 311,
321 are formed so as to guide the pin 22 in the direction that is perpendicular to the axis 222 of the pin 22 and also in
the direction that is inclined from the axis 161 of the rotary shaft 16. The sixth guide wall 32 performs the function of
restricting the movement in the direction of the axis 222 of the pin 22.

[0027] The guide planes 271, 301 are flush with each other in a plane and the guide planes 281, 311 are flush with
each other in a plane which is different from the plane for the guide planes 271, 301. The guide planes 271, 301 are in
parallel with the guide planes 281, 311.

[0028] The guide arm 23 guides the guided portion 25 and the guide arm 24 guides the guided portion 26. The rotary
support 19 and the guide arms 23, 24 form a pin guide. As shown in FIG. 3, the length of the width W1 of the guided
circumferential surface 251 is set smaller than that of the width W2 of the guide planes 271, 281. As seen from the first
guide wall 27 toward the second guide wall 28, the width W1 of the guided circumferential surface 251 is incorporated
in the width W2 of the guide planes 271, 281. Also, the length of the width W3 of the guided circumferential surface 261
is set smaller than that of the width W4 of the guide planes 301, 311. As seen from the fourth guide wall 30 toward the
fifth guide wall 31, the width W3 of the guided circumferential surface 261 is incorporated in the width W4 of the guide
planes 301, 311.

[0029] The spacing between the guide plane 271 of the first guide wall 27 and the guide plane 281 of the second
guide wall 28 is set larger than the diameter R1 of a circle for the guided circumferential surface 251. That s, there exits
a clearance between the guide planes 271, 281 of the first and second guide walls 27, 28 and the guided portion 25.
The dimension of the minimum clearance C1 (shown in FIG. 3) of this clearance is designated by reference sign Co.
[0030] The spacing between the guide plane 301 of the fourth guide wall 30 and the guide plane 311 of the fifth guide
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wall 31 is set larger than the diameter R2 of the guided circumferential surface 261. That is, there exits a clearance
between the guide planes 301, 311 of the fourth and fifth guide walls 30, 31 and the guided portion 26. The dimension
of the minimum clearance C2 (shown in FIG. 3),of this clearance is the same as the dimension Co of the minimum
clearance C1 (shown in FIG. 3).

[0031] FIG. 3 shows a state of the pin 22 where the guided circumferential surface 251 of the guided portion 25 of the
pin 22 indicated by solid line is in contact with the guide plane 281, and besides, the guided circumferential surface 261
of the guided portion 26 of the pin 22 indicated by solid line is in contact with the guide plane 311. In the following
description, the state of the pin 22 indicated by solid line in FIG. 3 will be referred to as a non-inclination state of the pin.
In addition, FIG. 3 shows a state of the pin 22 where the guided circumferential surface 251 of the guided portion 25
indicated by chain double-dashed line is in contact with the guide plane 271. Although not indicated by chain double-
dashed line in FIG. 3, in this state the guided circumferential surface 261 of the guided portion 26 is in contact with the
guide plane 311.

[0032] Ifitis possible to incline the pin 22 from the state of the pin 22 indicated by solid line in FIG. 3 until the point
Pel on the boundary 254 comes in contact with the guide plane 281 while the guided circumferential surface 251 is in
contact with the guide plane 281, the pin 22 is inclined by an angle of 6/2. That is, if it is possible to incline the pin 22
counterclockwise by an angle of 6/2 from the non-inclination state of the pin shown in FIG. 3, the point Pel (the angled
boundary 254) comes in contact with the guide plane 281.

[0033] Similarly, if it is possible to incline the pin 22 from the non-inclination state of the pin shown in FIG. 3 until the
point Pe2 on the boundary 264 comes in contact with the guide plane 311 while the guided circumferential surface 261
is in contact with the guide plane 311, the pin 22 is inclined by an angle of 8/2. That is, if it is possible to incline the pin
22 clockwise by an angle of 6/2 from the non-inclination state of the pin shown in FIG. 3, the point Pe2 (the angled
boundary 264) comes in contact with the guide plane 311.

[0034] The following will describe the condition where the angled boundary 254 does not come in edge contact with
either of the guide planes 271, 281, and besides, the angled boundary 264 does not come in edge contact with the guide
planes 301, 311.

[0035] When the pin 22 is inclined clockwise by an angle of 6/2 from the non-inclination state of the pin shown in FIG.
3, itis assumed that the guided circumferential surface 261 comes in contact with the guide plane 311 and the point P1
on the boundary 254 shown in FIG. 3 comes in contact with the guide plane 271. In this case, in accordance with the
inclination of the pin 22, the point P1 is pivoted approximately around the point P2 of contact between the middle W31
of the width W3 of the guided circumferential surface 261 and the guide plane 311 by an angle of 6/2.

[0036] When the length of the width W1, W3 is designated by reference sign W and the spacing between the guided
circumferential surfaces 251, 261 is designated by reference sign Z, amount F1 of movement of the point P1 in the
direction perpendicular to the axis 222 of the pin 22 indicated by solid line in FIG. 3 is approximately given by the
expression (3).

F1=(Z+W/2+W)-8/2=(Z+3W/2)}812  (3)

If the dimension Co of the clearance C1, C2 is smaller than the amount F1, the point P1 does not come in contact with
the guide plane 271. That is, if the amount F and the dimension Co are set to satisfy the relation of the expression (4),
the point P1 does not come in contact with the guide plane 271.

Co < F1=(Z+3W/2)-6/2 4)

That is, if the angle 6 and the dimension Co are set to satisfy the relation of the expression (1), the point P1 does not
come in contact with the guide plane 271.

Co < (Z+3W/2)-62 (1)

Since the dimension Co and the angle 6 are set to satisfy the relation of the expression (1), the point P1 (or the angled
boundary 254) does not come in edge contact with the guide planes 271, 281.

[0037] Similarly, when the pin 22 is inclined counterclockwise by an angle of 6/2 from the non-inclination state of the
pin shown in FIG. 3, it is assumed that the guided circumferential surface 251 comes in contact with the guide plane
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281 and the point P3 on the boundary 264 shown in. FIG. 3 comes in contact with the guide plane 301. In this case, in
accordance with the inclination of the pin 22, the point P3 is pivoted approximately around the point P4 of contact between
the middle W11 of the width W1 of the guided circumferential surface 251 and the guide plane 281 by an angle of 6/2.
Therefore, even in the case where the guided portion 25 comes in contact with the guide plane 281, and besides, the
guided portion 26 comes in contact with the guide plane 301, if the angle 6 and the dimension Co satisfy the relation of
the expression (1), the angled boundary 264 does not come in edge contact with either of the guide planes 301, 311.
[0038] The torque of the rotary support 19 which is rotatable with the rotary shaft 16 is transmitted to the swash plate
20 through the engagement between the guide plane 291 of the third guide wall 29 of the guide arm 23 and the end
face 253 of the guided portion 25 of the pin 22, so that the swash plate 20 is rotated integrally with the rotary shaft 16.
[0039] The guide arms 23, 24, the pin 22 and the support arm 21 cooperate to form a connecting mechanism 39 for
connecting the swash plate 20 to the rotary support 19 in such a way that the inclination angle of the swash plate 20 is
varied and also that the torque is transmitted from the rotary shaft 16 to the swash plate 20.

[0040] Asthe center in the radial direction of the swash plate 20 is moved toward the rotary support 19, the inclination
angle of the swash plate 20 is increased and the maximum inclination angle of the swash plate 20 is regulated by the
contact of the swash plate 20 with the rotary support 19. The minimum inclination angle of the swash plate 20 is regulated
by the contact of the swash plate 20 with a circlip 33 (shown in FIG. 1) mounted on the rotary shaft 16. Referring to FIG.
1, the maximum inclination angle of the swash plate 20 is indicated by solid line and the minimum inclination angle
thereof by chain double-dashed line. It is so arranged that the minimum inclination angle of the swash plate 20 is set
larger than 0°.

[0041] As shown in FIG. 1, the cylinder block 11 has formed therethrough a plurality of cylinder bores 111 (only one
cylinder bore 111 being shown) and a piston 34 is disposed in each cylinder bore 111. The rotary motion of the swash
plate 20 is converted into the reciprocating motion of each piston 34 through its corresponding pair of shoes 35 which
is engaged with the swash plate 20, and the piston 34 reciprocates in its corresponding cylinder bore 111, accordingly.
That is, the piston 34 is operable in conjunction with the rotation of the rotary shaft 16 through the swash plate 20 which
is rotated with the rotary shaft 16.

[0042] The rear housing 13 has formed therein a suction chamber 131 and a discharge chamber 132. The valve plate
14 has formed therethrough a plurality of suction ports 141 (only one suction port 141 being shown). Each of the valve
plate 14 and the suction valve forming plate 15 has formed therethrough a plurality of discharge ports 142 (only one
discharge port 142 being shown for each). The suction valve forming plate 15 has formed thereon a plurality of suction
valves 151. A discharge valve forming plate 36 is joined to the valve plate 14 and has formed thereon a plurality of
discharge valves 361. During the suction stroke of the piston 34 (or leftward movement of the piston 34 in FIG. 1), the
suction valve 151 is opened and refrigerant gas in the suction chamber 131 is drawn into the corresponding cylinder
bore 111. During the discharge stroke of the piston 34 (or rightward movement of the piston 34 in FIG. 1), the refrigerant
gas compressed in the cylinder bore 111 pushes open the discharge valve 361 and is discharged into the discharge
chamber 132. The opening of the discharge valve 361 is regulated by a retainer 37.

[0043] The discharge chamber 132 and the suction chamber 131 are connected by an external refrigerant circuit (not
shown), so that refrigerant discharged from the discharge chamber 132 to the external refrigerant circuit returns to the
suction chamber 131. As shown in FIG. 2A, the rotary shaft 16 is rotated in the arrow direction Q. When the swash plate
20 is divided into two halves by an imaginary plane H which extends in the axis 161 of the rotary shaft 16 in perpendicular
relation to the axis 222 of the pin 22, one half of the swash plate 20 is located in the region S for the suction stroke and
the other half in the region D for the discharge stroke. As seen along the direction of the axis 161 of the rotary shaft 16,
the pistons 34 located in the region S are in the suction stroke and the pistons 34 located in the region D are in the
discharge stroke. The guided portion 25 of the pin 22 is located in the region S and the guided portion 26 of the pin 22
is located in the region D.

[0044] As shown in FIG. 1, a thrust bearing 38 is interposed between the rotary support 19 and the front housing 12
for receiving the compressive reaction force which is applied from the refrigerant gas in the cylinder bores 111 to the
rotary support 19 through the pistons 34, the shoes 35, the swash plate 20 and the connecting mechanism 39.

[0045] The discharge chamber 132 and the pressure control chamber 121 are connected by a supply passage 40,
and the pressure control chamber 121 and the suction chamber 131 are connected by a bleed passage 41. Part of the
refrigerant in the discharge chamber 132 is supplied into the pressure control chamber 121 through the supply passage
40 and then flown into the suction chamber 131 through the bleed passage 41.

[0046] Anelectromagnetically-operated displacement control valve 42 is located in the supply passage 40. The amount
of refrigerant supplied from the discharge chamber 132 to the pressure control chamber 121 through the supply passage
40 is varied in accordance with the opening of the displacement control valve 42. Since the refrigerant in the pressure
control chamber 121 is flown into the suction chamber 131 through the bleed passage 41, the pressure in the pressure
control chamber 121 is changed in accordance with the amount of refrigerant supplied from the discharge chamber 132
to the pressure control chamber 121 through the supply passage 40. As the supply of refrigerant increases, the pressure
in the pressure control chamber 121 rises. As the supply of refrigerant decreases, the pressure in the pressure control
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chamber 121 falls. By so controlling the pressure in the pressure control chamber 121, the inclination angle of the swash
plate 20 is varied and the displacement of the compressor 10 is varied, accordingly.

[0047] While the swash plate 20 varies its inclination angle, the guided portion 25 is moved along the guide planes
271, 281, 291 and the guided portion 26 along the guide planes 301, 311, 321.

[0048] The first embodiment has the following advantageous effects.

(2) If the guided circumferential surfaces 251, 261 are cylindrical surfaces when the pin 22 is inclined as indicated
by chain double-dashed line in FIG. 3, the angled boundary 254 comes in edge contact with the guide plane 271
and the angled boundary 264 comes in edge contact with the guide plane 311. If the guided circumferential surfaces
251, 261 are cylindrical surfaces even when the pin 22 is inclined so that the guided circumferential surface 251
comes in contact with the guide plane 281, and besides, the guided circumferential surface 261 comes in contact
with the guide plane 301, the angled boundary 254 comes in edge contact with the guide plane 281 and the angled
boundary 264 comes in edge contact with the guide plane 301. However, in the structure where the guided circum-
ferential surface 251 is formed by the first convex curve E1 and the guided circumferential surface 261 is formed
by the second convex curve E2, even when the pin 22 is inclined as indicated by chain double-dashed line in FIG.
3, itis prevented that the angled boundary 254 comes in edge contact with the guide plane 271 or 281. In addition,
it is prevented that the angled boundary 264 comes in edge contact with the guide plane 301 or 311. That is, the
structure where the guided circumferential surface 251 is formed by the first convex curve E1 and the guided
circumferential surface 261 is formed by the second convex curve E2 prevents edge contact between the guided
portion 26 and the guide arm 24 as well as edge contact between the guided portion 25 and the guide arm 23.
Further, the guided circumferential surface 251 which is a convex curved surface that projects outward from the
guided portion 25 contributes to the reduction of contact pressure in a region of contact between the guided circum-
ferential surface 251 and the guide arm 23. Further, the guided circumferential surface 261 which is a convex curved
surface that projects outward from the guided portion 26 contributes to the reduction of contact pressure in a region
of contact between the guided circumferential surface 261 and the guide arm 24.

(2) The guided circumferential surface 251 is formed by rotating the first convex curve E1 around the axis 222 of
the pin 22 and the guided circumferential surface 261 is formed by rotating the second convex curve E2 around the
axis 222 of the pin 22. The guided circumferential surface 251 formed by the first convex curve E1’ and the guided
circumferential surface 261 formed by the second convex curve E2 are easily formed by rotating the pin 22 around
the axis 222 of the pin 22 to cut the circumferential surface of the pin 22.

(3) In the structure where the central angle 6, the dimension Co of the minimum clearance C1, C2 and the spacing
Z are set so as to satisfy the relation of the expression (1), it is reliably prevented that the angled boundary 254
comes in edge contact with the guide plane 271 or 281. In addition, it is also reliably prevented that the angled
boundary 264 comes in edge contact with the guide plane 301 or 311.

[0049] The following will describe a second embodiment according to the present invention with reference to FIG. 4.
The same reference numerals or symbols of the first embodiment are used for the same parts or elements in the second
embodiment. Although a part of the guided circumferential surface 251 projects from the guide planes 271, 281 toward
the held portion 221 when the guided circumferential surface 251 is seen from the first guide wall 27 toward the second
guide wall 28, the middle W11 of the width W1 of the guided circumferential surface 251 is incorporated in the widths
of the guide planes 271, 281. In addition, although a part of the guided circumferential surface 261 projects from the
guide planes 301, 311 toward the held portion 221 when the guided circumferential surface 261 is seen from the fourth
guide wall 30 toward the fifth guide wall 31, the middle W31 of the width W3 of the guided circumferential surface 261
is incorporated in the widths of the guide planes 301, 311. The guided circumferential surface 251 which faces the angled
portion of the end of the guide plane 271 of the guide wall 27 is formed by the convex curved surface, which prevents
abrasion caused by edge contact between the guided circumferential surface 251 and the guide plane 271. Similarly,
the guided circumferential surface 261 which faces the angled portion of the end of the guide plane 301 of the guide
wall 30 is formed by the convex curved surface, which prevents abrasion caused by edge contact between the guided
circumferential surface 261 and the guide plane 301.

[0050] The following will describe a third embodiment according to the present invention with reference to FIGs. 5A,
5B and 5C. The same reference numerals or symbols of the first embodiment are used for the same parts or elements
in the third embodiment.

[0051] Inthe third embodiment, the guided portion 25 has a guided circumferential surface 251A in place of the guided
circumferential surface 251 of the first embodiment. The guided circumferential surface 251A is formed by a first convex
curve E3 which includes an arched curve E31, a line segment E32 which is smoothly connected to the arched curve
E31, and an arched curve E33 which is smoothly connected to the line segment E32. The guided circumferential surface
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251A is a convex curved surface formed by rotating the first convex curve E3 around the axis 222 of the pin 22. The
curvatures of the arched curves E31, E33 are set to be the same, and besides, the curvatures of the arched curves E31,
E33 are set smaller than that of the circle with the same diameter as a diameter of a circle for the guided portion 25
(maximum diameter R1 of circles for the guided circumferential surface 251A).

[0052] The line segment connecting one point on the arched curve E31 or E33 and one point on the line segment E32
is located inside the guided portion 25. In addition, the line segment connecting one point on the arched curve E31 and
one point on the arched curve E33 is located inside the guided portion 25.

[0053] The guided portion 26 has a guided circumferential surface 261A in place of the guided circumferential surface
261 of the first embodiment. The guided circumferential surface 261A is formed by a second convex curve E4 which
includes an arched curve E41, a line segment E42 which is smoothly connected to the arched curve E41, and an arched
curve E43 which is smoothly connected to the line segment E42. The guided circumferential surface 261A is a convex
curved surface formed by rotating the second convex curve E4 around the axis 222 of the pin 22. The curvatures of the
arched curves E41, E43 are set to be the same, and besides, the curvatures of the arched curves E41, E43 are set
smaller than that of the circle with the same diameter as a diameter of a circle for the guided portion 26 (maximum
diameter R2 of circles for the guided circumferential surface 261A).

[0054] The line segment connecting one point on the arched curve E41 or E43 and one point on the line segment E42
is located inside the guided portion 26. In addition, the line segment connecting one point on the arched curve E41 and
one point on the arched curve E43 is located inside the guided portion 26.

[0055] In the third embodiment, the effects (1) and (2) of the first embodiment are substantially obtained.

[0056] The following will describe a fourth embodiment according to the present invention with reference to FIGs. 6A,
6B and 6C. The same reference numerals or symbols of the first embodiment are used for the same parts or elements
in the fourth embodiment.

[0057] In the fourth embodiment, the guided portion 25 has a guided circumferential surface 251 B in place of the
guided circumferential surface 251 of the first embodiment. The guided circumferential surface 251 B is formed by a first
convex curve E5 which includes an arched curve E51 and an arched curve E52 which is smoothly connected to the
arched curve E51. The curvature of the arched curve E51 is set smaller than that of the arched curve E52, and besides,
the curvature of the arched curve E51 is set smaller than that of the circle with the same diameter as a diameter of a
circle for the guided portion 25 (maximum diameter R1 of circles for the guided circumferential surface 251B). The
curvature of the arched curve E52 is set smaller than that of the circle with the same diameter as a diameter of a circle
for the guided portion 25 (maximum diameter R1 of circles for the guided circumferential surface 251B). The guided
circumferential surface 251B is a convex curved surface formed by rotating the first convex curve E5 around the axis
222 of the pin 22. The line segment connecting two points on the first convex curve E5 is located inside the guided
portion 25.

[0058] The guided portion 26 has a guided circumferential surface 261 B in place of the guided circumferential surface
261 of the first embodiment. The guided circumferential surface 261B is formed by a second convex curve E6 which
includes an arched curve E61 and an arched curve E62 which is smoothly connected to the arched curve E61. The
curvature of the arched curve E61 is set smaller than that of the arched curve E62, and besides, the curvature of the
arched curve E61 is set smaller than that of the circle with the same diameter as a diameter of a circle for the guided
portion 26 (maximum diameter R2 of circles for the guided circumferential surface 261B). The curvature of the arched
curve E62 is set smaller than that of the circle with the same diameter as a diameter of a circle for the guided portion
26 (maximum diameter R2 of circles for the guided circumferential surface 261B). The guided circumferential surface
261B is a convex curved surface formed by rotating the second convex curve E6 around the axis 222 of the pin 22. The
line segment connecting two points on the second convex curve E6 is located inside the guided portion 26.

[0059] In the fourth embodiment, the effects (1) and (2) of the first embodiment are substantially obtained.

[0060] The following will describe a fifth embodiment according to the present invention with reference to FIGs. 7A
and 7B. The same reference numerals or symbols of the first embodiment are used for the same parts or elements in
the fifth embodiment.

[0061] In the fifth embodiment, the guided portion 25 has a guided circumferential surface 251D in place of the guided
circumferential surface 251 of the first embodiment, which has a cylindrical surface. The guided portion 26 has a guided
circumferential surface 261D in place of the guided circumferential surface 261 of the first embodiment, which also has
a cylindrical surface. The first guide wall 27, the second guide wall 28, the fourth guide wall 30 and the fifth guide wall
31 have guide surfaces 272, 282, 302, 312 which are formed by convex curved surface, respectively. The guide surface
272 extends in the direction of the axis 222 of the pin 22, and besides, the guide surface 272 is a convex curved surface
formed by moving in parallel a convex curve E7 that projects toward the guided portion 25. The guide surface 282
extends in the direction of the axis 222 of the pin 22, and besides, the guide surface 282 is a convex curved surface
formed by moving in parallel a convex curve E8 that projects toward the guided portion 25. The guide surface 302
extends in the direction of the axis 222 of the pin 22, and besides, the guide surface 302 is a convex curved surface
formed by moving in parallel a convex curve E9 that projects toward the guided portion 26. The guide surface 312
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extends in the direction of the axis 222 of the pin 22, and besides, the guide surface 312 is a convex curved surface
formed by moving in parallel a convex curve E10 that projects toward the guided portion 26.

[0062] The line segment connecting two points on the convex curve E7 is located inside the first guide wall 27 of the
guide arm 23. The line segment connecting two points on the convex curve E8 is located inside the second guide wall
28 of the guide arm 23. The line segment connecting two points on the convex curve E9 is located inside the fourth
guide wall 30 of the guide arm 24. The line segment connecting two points on the convex curve E10 is located inside
the fifth guide wall 31 of the guide arm 24.

[0063] The guide surfaces 272, 282 prevent edge contact between the guide arm 23 and the pin 22, and besides, the
guide surfaces 272, 282 contribute to the reduction of contact pressure in a region of contact between the guided portion
25 and the guide arm 23. In addition, the guide surfaces 302, 312 prevent edge contact between the guide arm 24 and
the pin 22, and besides, the guide surfaces 302, 312 contribute to the reduction of contact pressure in a region of contact
between the guided portion 26 and the guide arm 24.

[0064] The following will describe a sixth embodiment according to the present invention with reference to FIG. 8. The
same reference numerals or symbols of the first embodiment are used for the same parts or elements in the sixth
embodiment. The swash plate 20 has a pair of guide arms 23C, 24C which are formed integrally therewith. The rotary
support 19C is formed with an integral support arm 21C. The pin 22 is supported by the support arm 21C. The guide
arm 23C has the first guide wall 27, the second guide wall 28 and the third guide wall 29. The guide arm 24C has the
fourth guide wall 30, the fifth guide wall 31 and the sixth guide wall 32. In the sixth embodiment, the guided circumferential
surfaces 251, 261 of the guided portions 25, 26 of the pin 22 have the same shape as in the case of the first embodiment.
[0065] The rotary support 19C and the support arm 21C cooperate to form the support for supporting the pin 22. The
swash plate 20 and the guide arms 23C, 24C cooperate to form the pin guide. The guide arms 23C, 24C, the pin 22
and the support arm 21C cooperate to form a connecting mechanism 39C for connecting the swash plate 20 to the rotary
support 19C in such a way that the inclination angle of the swash plate 20 is varied and also that the torque is transmitted
from the rotary shaft 16 to the swash plate 20.

[0066] In the sixth embodiment, the same effects of the first embodiment are substantially obtained.

[0067] The present invention is also applicable to the following modifications of the above embodiments.

[0068] In the fifth embodiment, the guide surfaces 272, 282, 302, 312 may be formed by using the convex curve of
the third embodiment or the convex curve of the fourth embodiment.

[0069] In the third embodiment, the curvatures of the arched curves E31, E33 may be set larger than that of the circle
with the same diameter as a diameter of a circle for the guided portion 25 (maximum diameter R1 of circles for the guided
circumferential surface 251A).

[0070] Therefore, the present examples and embodiments are to be considered as illustrative and not restrictive, and
the invention is not to be limited to the details given herein but may be modified within the scope of the appended claims.

Claims
1. A variable displacement compressor (10) comprising:

a rotary shaft (16);

a cam member (20) which is rotatable with the rotary shaft (16);

a piston (34) which is operable in conjunction with rotation of the rotary shaft (16) through the cam member
(20); and

a rotary support (19, 19C) fixed on the rotary shaft (16);

whereinthe cam member (20) is connected to therotary support (19, 19C) through a connecting mechanism
(39, 39C) in such a way that inclination angle of the cam member (20) is variable,

wherein when one of the cam member (20) and the rotary support (19, 19C) forms a part of support (19, 19C,
20, 21, 21C) while the other of the cam member (20) and the rotary support (19, 19C) forms a part of pin guide
(19, 19C, 20, 23, 23C, 24, 24C), the connecting mechanism (39, 39C) has a pin (22) supported by the support
(19, 19C, 20, 21, 21C) and a pair of guide portions (23, 23C, 24, 24C) which is provided in the pin guide (19,
19C, 20, 23, 23C, 24, 24C) so that the guide portions (23, 23C, 24, 24C) guide opposite ends (25, 26) of the
pin (22), respectively, and

wherein the inclination angle of the cam member (20) is varied and displacement of the compressor (10) is
varied by controlling pressure in a pressure control chamber (121) having therein the cam member (20),

characterized in that

each end (25, 26) of the pin (22) has a guided circumferential surface (251, 251A, 251B, 261, 261A, 261B),
in that each guide portion (23, 23C, 24, 24C) has a plurality of guide surfaces (271, 281, 301, 311), each of which
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is allowed to come in contact with the corresponding guided circumferential surface (251, 251A, 251B, 261, 261A,
261B) to guide the corresponding end (25, 26) of the pin (22),

in that each guided circumferential surface (251, 251A, 251B, 261, 261A, 261B) extends in the direction of an axis
(222) of the pin (22), and besides, the guided circumferential surface (251, 251A, 251B, 261, 261A, 261B) is formed
by a convex curve (E1-E6) that projects outward from the pin (22),

in that at least a part of the convex curve (E1-E6) includes a curve whose curvature is smaller than that of the circle
with the same diameter (R1, R2) as a diameter of a circle for the end (25, 26), and

in that a line segment (L1, L2) connecting two points on the convex curve (E1-E6) is located inside the end (25,
26) of the pin (22).

The variable displacement compressor (10) according to claim 1, wherein the guided circumferential surface (251,
251A, 251B, 261, 261A, 261B) is formed by rotating the convex curve (E1-E6) around the axis (222) of the pin (22).

The variable displacement compressor (10) according to claim 1 or 2, wherein the guide surface (271, 281, 301,
311) is plane.

The variable displacement compressor (10) according to any one of claims 1 through 3, wherein one end (25, 26)
of the pin (22) has a conical surface (252, 262) formed in continuity with the guided circumferential surface (251,
261) and an end face (253, 263) formed in continuity with the conical surface (252, 262), and wherein the other end
(25, 26) of the pin (22) has a conical surface (252, 262) formed in continuity with the guided circumferential surface
(251, 261) and an end face (253, 263) formed in continuity with the conical surface (252, 262).

The variable displacement compressor (10) according to any one of claims 1 through 4, wherein the expression (1)
is satisfied

Co < (Z+3W2)82 (1)

where the convex curve is an arched curve, 6 is a central angle of the arched curve, Co is dimension of minimum
clearance between one end (25, 26) of the pin (22) and the corresponding guide surfaces (271, 281, 301, 311), Z
is spacing between the opposite ends (25, 26) of the pin (22), and W is width of the guided circumferential surface
(251, 261).

The variable displacement compressor (10) according to any one of claims 1 through 5, wherein the cam member
(20) forms a part of the support (20, 21) and the rotary support (19) forms a part of the pin guide (19, 23, 24).

The variable displacement compressor (10) according to any one of claims 1 through 5, wherein the cam member
(20) forms a part of the pin guide (20, 23C, 24C) and the rotary support (19C) forms a part of the support portion
(19C, 210C).

The variable displacement compressor (10) according to any one of claims 1 through 7, wherein the convex curve
(E3, E4) includes a line segment (E32, E42).

A variable displacement compressor (10) comprising:

a rotary shaft (16);

a cam member (20) which is rotatable with the rotary shaft (16);

a piston (34) which is operable in conjunction with rotation of the rotary shaft (16) through the cam member
(20); and

a rotary support (19, 19C) fixed on the rotary shaft (16);

wherein the cam member (20) is connected to the rotary support (19, 19C) through a connecting mechanism
(39, 39C) in such a way that inclination angle of the cam member (20) is variable,

wherein when one of the cam member (20) and the rotary support (19, 19C) forms a part of support (19, 19C,
20, 21, 21C) while the other of the cam member (20) and the rotary support (19, 19C) forms a part of pin guide
(19, 19C, 20, 23, 23C, 24, 24C), the connecting mechanism (39, 39C) has a pin (22) supported by the support
(19, 19C, 20, 21, 21C) and a pair of guide portions (23, 23C, 24, 24C) which is provided in the pin guide (19,
19C, 20, 23, 23C, 24, 24C) so that the guide portions (23, 23C, 24, 24C) guide opposite ends (25, 26) of the
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pin (22), respectively, and
wherein the inclination angle of the cam member (20) is varied and displacement of the compressor (10) is
varied by controlling pressure in a pressure control chamber (121) having therein the cam member (20),

characterized in that

each end (25, 26) of the pin (22) has a cylindrical surface (251D, 261D),

in that each guide portion (23, 23C, 24, 24C) has a plurality of guide surfaces (272, 282, 302, 312), each of
which is allowed to come in contact with the corresponding cylindrical surface (251D, 261D) to guide the cor-
responding end (25, 26) of the pin (22),

in that each guide surface (272, 282, 302, 312) extends in the direction of an axis (222) of the pin (22), and
besides, the guide surface (272, 282, 302, 312) is formed by a convex curve (E7-E10) that projects toward the
corresponding end (25, 26) of the pin (22),

in that at least a part of the convex curve (E7-E10) includes a curve whose curvature is smaller than that of
the circle with the same diameter (R1, R2) as a diameter of a circle for the end (25, 26), and

in that a line segment (L1, L2) connecting two points on the convex curve (E7-E10) is located inside the guide
portion (23, 23C, 24, 24C).

12
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