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(57) A variable displacement compressor has a
housing, a piston, a drive shaft, a rotor, a cam plate and
a hinge mechanism. The hinge mechanism between the
rotor and the cam plate guides the cam plate to incline
and slide relative to the drive shaft. Thus, the displace-
ment volume of the compressor is varied. The rotation
of the drive shaft is converted to the reciprocation of the

Hinge mechanism for a variable displacement compressor

piston through the rotor, the hinge mechanism and the
cam plate. The hinge mechanism includes first and sec-
ond hinge elements that are respectively provided on
the rotor and on the cam plate and engage each other.
At least one of the first and second hinge elements has
a degree of freedom for motion against the rotor and/or
the cam plate to which it belongs.
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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a variable dis-
placement piston type compressor for use in a vehicle
air conditioner.

[0002] Unexamined Japanese Patent Publication No.
9-203377 discloses a variable displacement compres-
sor of such type. FIG. 14 illustrates a partially longitudi-
nal cross-sectional view of a variable displacement
compressor according to a prior art. A housing 101 of
the compressor defines a cylinder bore 101 a that ac-
commodates a piston 102. A drive shaft 103 is rotatably
supported by the housing 101. A rotor 104 is connected
to the drive shaft 103 so as to rotate integrally therewith.
A swash plate 105 is supported by the drive shaft 103
so that it slides and inclines relative to the drive shaft
103.The piston 102 engages the periphery of the swash
plate 105 through a pair of shoes 107. A hinge mecha-
nism 108 is interposed between the rotor 104 and the
swash plate 105.

[0003] Accordingly, the rotation of the drive shaft 103
is converted to the reciprocation of the piston 102
through the rotor 104, the hinge mechanism 108 and the
swash plate 105, while the swash plate 105 is guided
by the hinge mechanism 108 to slide on the drive shaft
103 in accordance with the inclination of the swash plate
105. Thus, the displacement volume of the compressor
is varied.

[0004] The hinge mechanism 108 includes a pair of
first protrusions 108a (only one is shown in FIG. 14), a
second protrusion 108b and a cam surface 108c. The
first protrusions 108a extend from the rotor 104 toward
the swash plate 105. The second protrusion 108b ex-
tends from the swash plate 105 toward the rotor 104.
The distal end of the second protrusion 108b is inserted
between the first protrusions 108a. The cam surface
108c is formed at the proximal portion of the first protru-
sions 108a. The first protrusions 108a and the second
protrusion 108b contact with a certain amount of area
to engage each other so that the rotation of the rotor 104
is transmitted to the swash plate 105 through the hinge
mechanism 108. The distal end of the second protrusion
108b slidably contacts the cam surface 108c so that ax-
ial load that acts on the swash plate 105 due to com-
pression reactive force is received by the cam surface
108c through the second protrusion 108b.

[0005] In the hinge mechanism 108, the first protru-
sions 108a and the second protrusion 108b are integral-
ly formed with the rotor 104 and the swash plate 105,
respectively. An unwanted feature is that as the swash
plate 105 inclines to twist the second protrusion 108b
by the pair of first protrusions 108b due to offset axial
load based upon the compression reactive force, sliding
resistances increase between the side surfaces of the
first protrusions 108a and the second protrusion 108b
and between the distal end of the second protrusion
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108b and the cam surface 108c due to the contact of
the edge. This leads to early abrasion of each sliding
surface. In other words, durability of the hinge mecha-
nism 108 is deteriorated, and unsmooth operation of the
hinge mechanism 108 leads to deteriorated controllabil-
ity for the displacement volume of the compressor.
Therefore, there is a need for a variable displacement
compressor that improves durability of a hinge mecha-
nism and that ensures smooth operation of the hinge
mechanism.

SUMMARY OF THE INVENTION

[0006] In accordance with the present invention, a
variable displacement compressor has a housing, a pis-
ton, a drive shaft, a rotor, a cam plate and a hinge mech-
anism. The housing defines a cylinder bore. The piston
is accommodated in the cylinder bore. The drive shaft
is rotatably supported by the housing. The rotor is con-
nected to the drive shaft so as to rotate integrally with.
The cam plate is supported by the drive shaft so as to
slide and incline relative to the drive shaft and is oper-
atively connected to the piston. The hinge mechanism
is interposed between the rotor and the cam plate and
guides the cam plate to incline and slide relative to the
drive shaft. Thus, the displacement volume of the com-
pressor is varied. The rotation of the drive shaft is con-
verted to the reciprocation of the piston through the ro-
tor, the hinge mechanism and the cam plate. The hinge
mechanism includes a first hinge element and a second
hinge element. The first hinge element is provided on
the rotor. The second hinge element is provided on the
cam plate and is engaged with the first hinge element.
At least one of the first and second hinge elements has
a degree of freedom for motion against the rotor and/or
the cam plate to which the hinge element having the de-
gree of freedom for motion belongs.

[0007] Otheraspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, il-
lustrating by way of example the principles of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The features of the present invention that are
believed to be novel are set forth with particularity in the
appended claims. The invention together with objects
and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

FIG. 1is alongitudinal cross-sectional view of a var-
iable displacement compressor according to a first

preferred embodiment of the present invention;

FIG. 2 is a side view of a hinge mechanism accord-
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ing to the first preferred embodiment of the present
invention;

FIG. 3 is a plan view of the hinge mechanism ac-
cording to the first preferred embodiment of the
present invention;

FIG. 4 is ahinge element of a swash plate according
to the first preferred embodiment of the present in-
vention;

FIG. 5 is an enlarged longitudinal cross-sectional
view of a hinge mechanism according to a second
preferred embodiment of the present invention;

FIG. 6 is a plan view of a hinge mechanism accord-
ing to a third preferred embodiment of the present
invention;

FIG. 7 is an enlarged side view of a hinge mecha-
nism according to a fourth preferred embodiment of
the present invention;

FIG. 8 is an enlarged longitudinal cross-sectional
view of a hinge mechanism according to a fifth pre-
ferred embodiment of the present invention;

FIG. 9is a plan view of a hinge mechanism accord-
ing to a sixth preferred embodiment of the present
invention;

FIG. 10 is an enlarged longitudinal cross-sectional
view of a hinge mechanism according to a seventh
preferred embodiment of the present invention;

FIG. 11 is an enlarged perspective view of the hinge
mechanism according to the seventh preferred em-
bodiment of the present invention;

FIG. 12 is a longitudinal cross-sectional view of a
hinge mechanism according to an eighth preferred
embodiment of the present invention;

FIG. 13 is a plan view of the hinge mechanism ac-
cording to the eighth preferred embodiment of the
present invention; and

FIG. 14 is a partially longitudinal cross-sectional
view of a variable displacement compressor ac-
cording to a prior art.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0009] A first preferred embodiment of the present in-
vention will now be described with reference to FIGs. 1
through 4. The present invention is applied to a variable
displacement compressor for a refrigerant circuit of a ve-
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hicle air conditioner in the first preferred embodiment.
The left side and the right side respectively correspond
to the front side and the rear side of the compressor in
FIG. 1.

[0010] FIG. 1illustrates a longitudinal cross-sectional
view of the variable displacement compressor accord-
ing to the first preferred embodiment of the present in-
vention. A housing of the compressor includes a cylinder
block 11, a front housing 12 and a rear housing 14. The
front housing 12 is fixedly connected to the front end of
the cylinder block 11. The rear housing 14 is fixedly con-
nected to the rear end of the cylinder block 11 through
a valve plate assembly 13.

[0011] A crank chamber 15 is defined between the
cylinder block 11 and the front housing 12. A drive shaft
16 is rotatably supported by the housing and extends
through the crank chamber 15 from the front housing 12
to the cylinder block 11. The drive shaft 16 is rotated by
the power transmitted from an engine (not shown) for
traveling a vehicle.

[0012] In the crank chamber 15, a rotor 17 made of
cast iron is fixedly connected to the drive shaft 16 so as
to rotate integrally therewith. The front end surface of
the rotor 17 and the facing inner wall surface of the front
housing 12 interpose a thrust bearing 35. The crank
chamber 15 accommodates a swash plate or a cam
plate 18. The swash plate 18 is made of iron series met-
al, such as iron and iron alloy. The swash plate 18 is
formed by forging.

[0013] Athrough hole 20 is formed at the center of the
swash plate 18. The drive shaft 16 extends through the
through hole 20. The swash plate 18 is supported by the
drive shaft 16 through an inner surface 20a of the
through hole 20 in such a manner that the swash plate
18 inclines and slides relative to the drive shaft 16. A
circular clip 32 is fitted on the drive shaft 16 on the rear
side to the swash plate 18. A coil spring 33 forincreasing
inclination angle of the swash plate 18 is arranged be-
tween the circular clip 32 and the swash plate 18 so as
to urge the middle portion of the swash plate 18 forward.
[0014] A hinge mechanism 19 is interposed between
the rotor 17 and the swash plate 18. The hinge mecha-
nism 19 includes a first hinge element 52 provided on
the rotor 17 and a second hinge element 51 provided
on the swash plate 18. The swash plate 18 is coupled
to the rotor 17 through the hinge mechanism 19 and is
supported by the drive shaft 16 through the inner surface
20a of the though hole 20. Accordingly, the swash plate
18 is integrally rotatable with the rotor 17 and the drive
shaft 16, while it is inclinable relative to the drive shaft
16 in accordance with sliding movement in the direction
of the axis L of the drive shaft 16.

[0015] Incidentally, with respect to the swash plate 18,
the inner surface 20a of the through hole 20 is treated
by induction hardening for improving sliding perform-
ance against the drive shaft 16 and for improving abra-
sion resistance.

[0016] A plurality of cylinder bores 22 (one of them
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shown in FIG. 1) extends through the cylinder block 11
and is arranged around the axis L of the drive shaft 16
at equiangular positions. Each of the cylinder bores 22
accommodates a single-headed piston 23 so as to be
reciprocated therein. The front and rear openings of
each cylinder bore 22 are respectively closed by the top
end surface of the piston 23 and the front end surface
of the valve port assembly 13. Thus, a compression
chamber 24 is defined in each of the cylinder bores 22
and varies its volume in accordance with the reciproca-
tion of the respective piston 23. Each of the pistons 23
engages the outer periphery of the swash plate 18
through a pair of semispherical shoes 25. Accordingly,
the rotation of the swash plate 18 in accordance with the
rotation of the drive shaft 16 is converted to the recipro-
cation of the piston 23 through the shoes 25.

[0017] Incidentally, with respect to the swash plate 18,
sliding surfaces 18b against the respective shoes 25 are
treated by induction hardening for improving sliding per-
formance against the shoes 25 and for improving abra-
sion resistance.

[0018] A suction chamber 26 and a discharge cham-
ber 27 are defined between the valve plate assembly 13
and the rear housing 14. The refrigerant gas in the suc-
tion chamber 26 is introduced into the compression
chamber 24 through a suction port 28 and a suction
valve 29 as each piston 23 moves from its top dead cent-
er to its bottom dead center. The suction port 28 and the
suction valve 29 are formed in the valve plate assembly
13. The refrigerant gas in the compression chamber 24
is compressed to a predetermined pressure value as the
piston 23 moves from the bottom dead center to the top
dead center. The compressed refrigerant gas is dis-
charged to the discharge chamber 27 through a dis-
charge port 30 and a discharge valve 31, which are
formed in the valve plate assembly 13.

[0019] The compressor optionally varies its displace-
ment volume and regulates its displacement volume in
such a manner that a control valve 21 adjusts pressure
in the crank chamber 15. In other words, pressure dif-
ferential between the crank chamber 15 and the com-
pression chambers 24 is varied by the control valve 21
in response to variation of the pressure in the crank
chamber 15. As a result, the inclination angle of the
swash plate 18 is varied, and the stroke of the piston 23
is adjusted.

[0020] As the pressure in the crank chamber 15 de-
creases, the swash plate 18 is pushed by the coil spring
33 to increase its inclination angle. Thus, the strokes of
the pistons 23 increase, and the displacement volume
of the compressor increases. The front end surface of
the swash plate 18 has a portion 18a for regulating max-
imum inclination angle. The portion 18a also serves as
a balance weight. The maximum inclination angle of the
swash plate 18 is regulated in such a manner that the
portion 18a contacts the rear end surface of the rotor
17, as shown in FIG. 1.

[0021] Onthe other hand, as the pressure in the crank
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chamber 15 increases, the swash plate 18 resists
against the coil spring 33 to decrease its inclination an-
gle. Thus, the strokes of the pistons 23 decrease, and
the displacement volume of the compressor decreases.
The minimum inclination angle of the swash plate 18 is
regulated by the circular clip 32 and the coil spring 33.
[0022] FIG. 2illustrates a side view of the hinge mech-
anism 19 according to the first preferred embodiment of
the present invention. FIG. 3 illustrates a plan view of
the hinge mechanism 19 according to the first preferred
embodiment of the present invention. Now referring to
FIGs. 1 through 3, an engaging recess 41 is formed at
the rear end of the rotor 17 and faces a point TDC of the
swash plate 18. The point TDC is a center of the hypo-
thetical spherical surface of the shoes 25 when the pis-
ton 23 is positioned at a top dead center. The engaging
recess 41 is defined by a pair of first protrusions 43 that
extend toward the swash plate 18. The first protrusions
43 are respectively disposed at the rear end on a pre-
ceding side and on a following side in the rotational di-
rection of the rotor 17.

[0023] A pairof second protrusions 44 extends toward
the rotor 17 and is arranged at the front end of the swash
plate 18 so as to face the engaging recess 41. The sec-
ond protrusions 44 are respectively disposed on a pre-
ceding side and on a following side in the rotational di-
rection of the drive shaft 16 so as to interpose a hypo-
thetical plane including the axis L and the point TDC.
Each of the distal ends of the second protrusions 44 fits
into the engaging recess 41. Each of the second protru-
sions 44 includes a side surface 44a that faces away
from each other. Each of the side surfaces 44a contacts
a side surface 43a of the first protrusion 43 with a certain
amount of area. The side surfaces 43a partially form the
inner surface of the engaging recess 41. Accordingly,
the rotational power of the rotor 17 is transmitted to the
swash plate 18 through one of the first protrusions 43
(the side surfaces 43a) and one of the second protru-
sions 44 (the side surfaces 44a).

[0024] Incidentally, to improve general-purpose prop-
erty, with respect to the compressor of the first preferred
embodiment, the hinge mechanism 19 is symmetrically
formed relative to the the hypothetical plane including
TDC and the axis L along the rotational direction of the
drive shaft 16 so as to appropriately respond either ro-
tational direction of the drive shaft 16, even if a mounted
engine rotates in either direction.

[0025] A cam portion 45 for receiving axial load is
formed on the proximal portion of each first protrusion
43 in the engaging recess 41. The cam portions 45 and
the first protrusions 43 constitute the first hinge element
52 on the side of the rotor 17. The rear end surface of
each cam portion 45 facing the swash plate 18 forms a
cam surface 45a that protrudes toward the rear side as
it approaches the drive shaft 16. Each of the second pro-
trusions 44 forms a convex circular arc surface 44b and
slidably contacts the cam surface 45a of the corre-
sponding cam portion 45 by the circular arc surface 44b.



7 EP 1 388 668 A2 8

Accordingly, the axial load that acts on the swash plate
18 due to the compression reactive force is received by
the cam surfaces 45a of the cam portions 45 through
the circular arc surfaces 44b of the second protrusions
44, respectively.

[0026] With respect to the prior art shown in FIG. 14,
the hinge mechanism 108 includes the single and rela-
tively large-scaled second protrusion 108b. However, in
the first preferred embodiment, the second protrusion
108b of the prior art is divided into the two second pro-
trusions 44. The above structure ensures the same
width for receiving axial load as that of the second pro-
trusion 108b of the prior art and lightens the swash plate
assembly 18, 51 by changing the structure of the second
protrusion 108b of the prior art to a hollow structure.
[0027] As the compressor increases its displacement
volume, the distal ends of the second protrusions 44 ro-
tate around a central axis S of the circular arc surfaces
44b in the clockwise direction in FIG. 1, while they move
on the cam surfaces 45a of the respective cam portions
45 away from the drive shaft 16. Thus, the hinge mech-
anism 19 guides to increase the inclination angle of the
swash plate 18. On the contrary, when the compressor
reduces its displacement volume, the distal ends of the
second protrusions 44 rotate around the central axis S
of the circular arc surfaces 44b in the counterclockwise
direction in FIG. 1, while they move on the cam surfaces
45a of the cam portions 45 to approach the drive shaft
16. Thus, the hinge mechanism 19 guides to reduce the
inclination angle of the swash plate 18.

[0028] Incidentally, the first hinge element 52 and the
second hinge element 51 slide on each other at sliding
surfaces, such as the side surfaces 43a, 44a of the re-
spective first and second protrusions 43, 44, the circular
arc surfaces 44b of the respective second protrusions
44, and the cam surfaces 45a of the respective cam por-
tions 45. The above sliding surfaces are treated by in-
duction hardening for improving their sliding perform-
ance and abrasion resistance.

[0029] In the second hinge element 51, the induction
hardening may exclusively be treated at a portion includ-
ing the side surfaces 44a and the circular arc surfaces
44b or may entirely be treated. Particularly, the former
treatment restrains the distortion and crack of the sec-
ond hinge element 51 of the swash plate 18 due to heat
affection of the hardening. Incidentally, the induction
hardening may be treated only at portions including the
side surfaces 43a and the cam surfaces 45a or may be
treated at the entire first hinge element 52. Particularly,
the former treatment restrains the distortion and crack
of the first hinge element 52 due to heat affection of the
hardening.

[0030] As shown in FIGs. 1 through 3, the second
hinge element 51 is separately formed from the swash
plate 18. The second hinge element 51 includes a base
plate or a base 47 and a pair of second protrusions 44
that extend from the front end surface of the base plate
47. The swash plate 18 is made of iron series metal and

10

15

20

25

30

35

40

45

50

55

is formed by forging. On the other hand, the second
hinge element 51 is made of aluminum series metal,
such as aluminum and aluminum alloy. That is, the sec-
ond hinge element 51 is made of different material from
that of the swash plate 18, and the second protrusions
44 and the base plate 47 are integrally formed by forging
or by molding. With respect to the swash plate 18, the
sliding surfaces 18b against the shoes 25 and the inner
surface 20a of the through hole 20 are polished and
treated by induction hardening before the second hinge
element 51 is assembled to the swash plate 18.
[0031] In the second hinge element 51, a shaft 48 is
integrally formed at the center of the rear end surface of
the base plate 47 and extends vertically relative to the
base plate 47. In the swash plate 18, a shaft hole 18c is
recessed inwardly from the sliding surfaces 18b against
the shoes 25 and extends in thickness of the swash
plate 18. The second hinge element 51 is loosely fitted
into the shaft hole 18c of the swash plate 18 by the shaft
48.

[0032] Accordingly, referring to FIG. 4, the diagram il-
lustrates the second hinge element 51 according to the
first preferred embodiment of the present invention. The
second hinge element 51 is rotatable on the swash plate
18 relative to an axis M of the shaft 48 (or the shaft hole
18c). Namely, the second hinge element 51 has the de-
gree of freedom for rotation against the swash plate 18
to which the second hinge element 51 belongs. The ro-
tation of the second hinge element 51 is regulated in a
predetermined angular range in such a manner that an
end surface 47a of the base plate 47 near the drive shaft
16 contacts the wall surface of a step or a regulating
means 18d formed on the front end surface of the swash
plate 18.

[0033] Incidentally, referring back to FIGs. 1 and 2, a
lightening recess 48a is formed at the distal end of the
shaft 48 on the side near the drive shaft 16 so that the
swash plate 18 avoids interfering with the coil spring 33
when positioned at the maximum inclination angle.
[0034] The following advantageous effects are ob-
tained from the first preferred embodiment.

(1) The second hinge element 51 has the degree of
freedom for motion against the swash plate 18. Ac-
cordingly, even if offset axial load due to the com-
pression reactive force acts on the inclined swash
plate 18 to twist the second protrusions 44 in the
engaging recess 41, stress due to the inclined
swash plate 18 moves the second hinge element
51 so that the second protrusions 44 avoid twisting
in the engaging recess 41. As a result, the side sur-
faces 44a of the respective second protrusions 44
and the side surfaces 43a of the respective first pro-
trusions 43 contact each other with a certain
amount of area, while the circular arc surfaces 44b
of the respective second protrusions 44 and the
cam surfaces 45a of the respective cam portions 45
contact each other with a line. Thus, no edge abuts
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at each sliding surface. Accordingly, the hinge
mechanism 19 smoothly moves, and the displace-
ment volume of the compressor smoothly varies.

(2) The second hinge element 51 on the swash
plate 18 has the degree of freedom for rotation. In
comparison to a hinge mechanism that has a de-
gree of freedom for sliding, the second hinge ele-
ment 51 effectively avoids the second protrusions
44 from twisting in the engaging recess 41.

(3) The rotation of the second hinge element 51 is
regulated in a predetermined angular range in such
a manner that the second hinge element 51 con-
tacts the step 18d formed on the swash plate 18.
Accordingly, the second hinge element 51 is pre-
vented from excessively rotating on the swash plate
18 so that noise due to collision between the second
protrusions 44 and the first protrusions 43 is re-
duced. The structure for regulating the rotation of
the second hinge element 51 helps to assemble the
swash plate assembly 18, 51 to the compressor,
that is, the structure helps to easily insert the sec-
ond protrusions 44 into the engaging recess 41.
Namely, for example, without the structure for reg-
ulating the rotation of the second hinge element 51,
the rotation of the second hinge element 51 must
be temporarily regulated to fit the second protru-
sions 44 into the engaging recess 41. Accordingly,
a jig for regulating the rotation of the second hinge
element 51 is required so that assembling becomes
complicated.

(4) Since the second hinge element 51 has the de-
gree of freedom for motion against the swash plate
18, that is, since the second hinge element 51 is
separately formed from the swash plate 18, the
shape of the swash plate 18 becomes simple. Ac-
cordingly, the swash plate 18 employs forging as a
manufacturing procedure because forging provides
better yield and easy after-machining in comparison
to molding. Even if the second hinge element 51
needs to be separately formed and assembled to
the swash plate 18, costs are reduced for manufac-
turing the compressor. Incidentally, the swash plate
18 formed by forging has relatively high hardenabil-
ity in comparison to the one formed by molding.
The separately formed swash plate 18 and the
second hinge element 51 permit appropriate selec-
tion for their respective material. Accordingly, in the
first preferred embodiment, the swash plate 18 is
made of iron series metal that has relatively high
relative density for ensuring its strength and for en-
suring moment for stable variation of the displace-
ment volume. Additionally, the second hinge ele-
ment 51 that is arranged at an offset position on the
swash plate 18 is made of aluminum series metal
that has relatively low relative density for balancing
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around the axis L of the swash plate assembly 18,
51. The second hinge element 51 made of light alu-
minum series metal helps the balance weight 18a
for balancing around the axis L of the second hinge
element 51 to be compact. This leads to the light-
ened swash plate assembly 18, 51 and to the light-
ened compressor.

Furthermore, the second hinge element 51
made of aluminum series metal that is different from
that of the first hinge element 52 made of cast iron
effectively prevents a same-metal phenomenon
due to slide between the first hinge elements 52.
The same-metal phenomenon means that mutually
same metals lead to inconveniences such as an in-
crease in coefficient of friction.

(5) In the first and second hinge elements 51, 52 for
the hinge mechanism 19, the second hinge element
51 is separately formed from the swash plate 18.
Accordingly, a depth for fitting the shaft 48 into the
shaft hole 18c may be relatively long in the direction
of the axis M so that the swash plate 18 supports
the second hinge element 51 in stable. As a result,
for example, the second hinge element 51 may be
rotated in stable relative to the swash plate 18 so
as to avoid twisting of the second protrusions 44 in
the engaging recess 41. This leads to smooth op-
eration of the hinge mechanism 19 and to smooth
variation of the displacement volume of the com-
pressor.

Namely, for example, according to a second
preferred embodiment of FIG. 5 which will be de-
scribed later, when the first hinge element 52 is sep-
arately formed from the rotor 17, the distal end of
the shaft 55 needs consideration for not protruding
the distal end of the shaft 55 from the shaft hole 17a
including dimensional tolerance so as to avoid in-
terference between the shaft 55 and the thrust bear-
ing 35 (See FIG. 1) that is arranged on the front end
surface of the rotor 17. Accordingly, the depth for
fitting between the shaft 55 and the shaft hole 17a
tends to become small in the direction of the axis M
so that the rotor 17 supports the first hinge element
52 in unstable.

(6) When the swash plate 18 is separately formed
from the second hinge element 51, the second
hinge element 51 does not interfere with the ap-
proach of a grind stone to the sliding surface 18b in
a polishing process of the sliding surfaces 18b that
slide on the shoes 25 before the second hinge ele-
ment 51 is assembled to the swash plate 18. There-
fore, workability of the swash plate 18 becomes bet-
ter. In other words, the second hinge element 51
does not need to consider the interference when the
sliding surfaces 18b are polished and permits free
determination of its shape and also permits ideal
shape for transmitting power and for guiding incli-
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nation of the swash plate 18.

(7) The second hinge element 51 includes a pair of
the second protrusions 44 that are integrated with
each other and is rotatable on the swash plate 18.
In comparison to a plurality of the second protru-
sions 44 that are individually rotatable on the swash
plate 18, the structure of the second hinge element
51 for rotation, that Is, the structure for increasing
the degree of freedom, may be simple in the first
preferred embodiment. Additionally, a plurality of
the integrated second protrusions 44 leads to easy
setting in high accuracy the width between the side
surfaces 44a of the respective second protrusions
44. The width largely affects the smooth operation
of the hinge mechanism 19.

(8) The swash plate 18 that is separately formed
from the second hinge element 51 is treated by
hardening at sliding surfaces 18b against the shoes
25 and the inner surface 20a of the through hole 20
that slides on the drive shaft 16 before the second
hinge element 51 is assembled to the swash plate
18. Accordingly, the second hinge element 51 does
not receive heat affection due to hardening and
avoids distortion due to the heat affection. No mod-
ification for distortion of the second hinge element
51 is required, but the hinge mechanism 19 smooth-
ly operates so that costs are reduced for manufac-
turing the compressor.

[0035] A second preferred embodiment of the present
invention will now be described with reference to FIG.
5. The components that are different from those of the
first preferred embodiment are only described. The
same reference numerals denote the substantially iden-
tical components to those of the first preferred embodi-
ment, and the description is omitted.

[0036] FIG. 5 illustrates an enlarged longitudinal
cross-sectional view of the hinge mechanism 19 accord-
ing to the second preferred embodiment of the present
invention. In the second preferred embodiment, the sec-
ond hinge element 51 is integrally formed with the swash
plate 18, while the first hinge element 52 is separately
formed from the rotor 17. The first hinge element 52 in-
tegrally forms a base plate 56, a pair of the first protru-
sions 43 and a pair of the cam portions 45. The first pro-
trusions 43 extend from the rear end surface of the base
plate 56. The cam portions 45 are formed on the proxi-
mal portions of the respective first protrusions 43. The
rotor 17 that is separately formed from the first hinge
element 52 is simple and may apply forging as a man-
ufacturing procedure.

[0037] The first hinge element 52 is loosely fitted into
a shaft hole 17a at a shaft 55 thereof. The shaft 55 ex-
tends from the front end surface of the base plate 56.
The shaft hole 17a is formed through the rotor 17. Ac-
cordingly, the first hinge element 52 is rotatable on the
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rotor 17 around the axis M of the shaft 55 (or the shaft
hole 17a) that is parallel with the axis L of the drive shaft
16. Namely, the first hinge element 52 has the degree
of freedom for rotation against the rotor 17. The rotation
of the first hinge element 52 is regulated in a predeter-
mined angular range on the rotor 17 in such a manner
that an end surface 56a facing the drive shaft 16 con-
tacts the wall surface of the step 17b that is formed on
the rotor 17.

[0038] In the second preferred embodiment, the first
hinge element 52 is rotatable on the rotor 17. Accord-
ingly, even if the swash plate 18 inclines to twist the sec-
ond protrusions 44 in the engaging recess 41 by the ax-
ial load due to the compression reactive force, stress
due to the inclination rotates the first hinge element 52
around the axis M on the rotor 17 so as to prevent the
swash plate 18 from twisting the second protrusions 44.
[0039] A third preferred embodiment of the presentin-
vention will now be described with reference to FIG. 6.
The components that are different from those of the first
preferred embodiment are only described. The same
reference numerals denote the substantially identical
components to those of the first preferred embodiment,
and the description is omitted.

[0040] FIG.6illustrates a plan view of the hinge mech-
anism 19 according to the third preferred embodiment
of the present invention. In the third preferred embodi-
ment, the engaging recess 41 is formed between a pair
of the second protrusions 44 in the second hinge ele-
ment 51. The rotor 17 includes the single first protrusion
43 atits rear end surface facing the engaging recess 41.
The first protrusion 43 extends toward the swash plate
18. The distal end of the first protrusion 43 is inserted in
the engaging recess 41. The first protrusion 43 has a
pair of side surfaces 43b, while each of the second pro-
trusions 44 has a side surface 44c that is a part of the
inner surface of the engaging recess 41. The side sur-
faces 43b of the first protrusion 43 contact the side sur-
faces 44c with a certain amount of area. Accordingly,
the rotational power of the rotor 17 is transmitted to the
swash plate 18 through one of the side surfaces 43b of
the first protrusion 43 and one of the side surfaces 44c
of the respective second protrusions 44.

[0041] The second hinge element 51 includes the
cam portion 45 at the proximal portions of the second
protrusions 44 in the engaging recess 41. The distal end
of the first protrusion 43 forms a convex circular arc sur-
face 43d and slidably contacts a cam surface 45c¢ of the
cam portion 45. Accordingly, the axial load that acts on
the swash plate 18 due to the compression reactive
force is received by the cam surface 45c¢ of the cam por-
tion 45.

[0042] A fourth preferred embodiment of the present
invention will now be described with reference to FIG.
7. The components that are different from those of the
first preferred embodiment are only described. The
same reference numerals denote the substantially iden-
tical components to those of the first preferred embodi-
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ment, and the description is omitted.

[0043] FIG. 7 illustrates an enlarged side view of the
hinge mechanism 19 according to the fourth preferred
embodiment of the present invention. In the fourth pre-
ferred embodiment, the side surface 43a of the first pro-
trusion 43 includes a guide groove 43c that extends
along the direction of the cam surface 45a of the cam
portion 45. The side surface 44a of the second protru-
sion 44 includes a guide protrusion 44d on the central
axis S of the circular arc surface 44b, and the guide pro-
trusion 44d is engagedly inserted in the guide groove
43c for guiding the swash plate 18 to incline and slide
relative to the drive shaft 16.

[0044] Even if the compression reactive force that
acts on the swash plate 18 disappears due to the stop
of the compressor, or even if the compression reactive
force that acts on the swash plate 18 decreases due to
the operation of the compressor in a minimum displace-
ment volume, the swash plate assembly 18, 51 engages
the rotor 17 by the engagement between the guide
groove 43c and the guide protrusion 44d. As a result,
the swash plate assembly 18, 51 is prevented from rat-
tling due to vibration of a vehicle, with a consequence
of preventing noise generated on the compressor.
[0045] A fifth preferred embodiment of the present in-
vention will now be described with reference to FIG. 8.
The components that are different from those of the first
preferred embodiment are only described. The same
reference numerals denote the substantially identical
components to those of the first preferred embodiment,
and the description is omitted.

[0046] FIG. 8 illustrates an enlarged longitudinal
cross-sectional view of the hinge mechanism 19 accord-
ing to the fifth preferred embodiment of the present in-
vention. In the fifth preferred embodiment, a slider 57 is
interposed between the circular arc surface 44b of the
second protrusion 44 and the cam surface 45a of the
cam portion 45. Namely, the second protrusion 44 (the
circular arc surface 44b) and the cam portion 45 (the
cam surface 45a) slidably contact each other through
the slider 57.

[0047] The slider 57 includes a concave circular arc
surface 57a and a planar surface 57b. The concave cir-
cular arc surface 57a slides on the circular arc surface
44b of the second protrusion 44. The planar surface 57b
slides on the cam surface 45a. Accordingly, the cam por-
tion 45 and the slider 57 contact each other with a certain
amount of area, and the second protrusion 44 and the
slider 57 contact each other with a certain amount of
area. The areal contacts reduce abrasion of the cam
surface 45a and the circular arc surface 44b. That is,
the areal contacts contribute to improved durability of
the hinge mechanism 19.

[0048] A sixth preferred embodiment of the present
invention will now be described with reference to FIG.
9. The components that are different from those of the
first preferred embodiment are only described. The
same reference numerals denote the substantially iden-
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tical components to those of the first preferred embodi-
ment, and the description is omitted.

[0049] FIG.9illustrates a plan view of the hinge mech-
anism 19 according to the sixth preferred embodiment
of the present invention. In the sixth preferred embodi-
ment, the drive shaft 16 rotates in the direction of an
arrow R, and the hinge mechanism 19 is particularly
configured to appropriately handle a state when the
drive shaft 16 rotates in the direction of the arrow R.
[0050] Namely, with respect to the hinge mechanism
19, a cam portion 45A and a second protrusion 44A
shown in the lower side of FIG. 9 in a compression cycle
mainly receive the axial load that acts on the swash plate
18 based upon the compression reactive force, while the
first protrusion 43 and another second protrusion 44B
shown in the upper side of FIG. 9in a suction cycle trans-
mit power from the rotor 17 to the swash plate 18. Then,
with respect to the second protrusions 44A, 44B, when
absolute amount of load, variation of the load and its
variation rate are considered, the second protrusion 44A
for receiving the axial load is hard in strength than the
second protrusion 44B for power transmission.

[0051] Then, in the sixth preferred embodiment, the
cam surface 45a of the cam portion 45A for receiving
the axial load is widened than the cam surface 45a of
the cam portion 45B for power transmission, while the
second protrusion 44A for receiving the axial load is
thicker than the second protrusion 44B for power trans-
mission. Thus, the width of the circular arc surface 44b
of the second protrusion 44A is predetermined to be
wide. Accordingly, the strength of the second protrusion
44A for receiving the axial load is improved. In compar-
ison to the thickened second protrusions 44A, 44B, an
increase in weight is relatively small, while durability of
the hinge mechanism 19 is ensured at equivalent level
in the sixth preferred embodiment.

[0052] A seventh preferred embodiment of the
present invention will now be described with reference
to FIGs. 10 and 11. The components that are different
from those of the first preferred embodiment are only
described. The same reference numerals denote the
substantially identical components to those of the first
preferred embodiment, and the description is omitted.
[0053] FIG. 10 illustrates an enlarged longitudinal
cross-sectional view of the hinge mechanism 19 accord-
ing to the seventh preferred embodiment of the present
invention. FIG. 11 illustrates an enlarged perspective
view of the hinge mechanism 19 according to the sev-
enth preferred embodiment of the present invention. In
the seventh preferred embodiment, a slider 60 is sup-
ported by the drive shaft 16 so as to slide in the direction
of the axis L. A fulcrum shaft 60a is formed with the slider
60 and inclinably supports the swash plate 18.

[0054] With respect to the hinge mechanism 19, the
cam portion 45 is omitted from the first hinge element
52, and the first and second hinge elements 52, 51 en-
gage each other through link arms 61.

[0055] Namely, the second hinge element 51 includes
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the single second protrusion 44. An insertion hole 44e
is formed through the distal end of the second protrusion
44 in the direction perpendicular to the axis L of the drive
shaft 16. The first hinge element 52 includes the single
first protrusion 43 that radially extends from the outer
periphery of the rotor 17. An insertion hole 43¢ is formed
through the distal end of the first protrusion 43 in the
direction perpendicular to the axis L of the drive shaft 16.
[0056] A pair of the link arms 61 is arranged on each
side of the distal ends of the first and second protrusions
43, 44 and each of the link arms 61 has through holes
61 a, 61b at both ends. One end of each link arm 61 is
pivotally supported through the through hole 61a by a
pin 62 that is inserted into the through hole 43e of the
first protrusion 43. The other end of each link arm 61 is
pivotally supported through the through hole 61b by an-
other pin 63 that is inserted through the through hole
44e of the second protrusion 44. Accordingly, the swash
plate 18 inclines around the pins 62, 63 in accordance
with slide on the drive shaft 16.

[0057] According to the seventh preferred embodi-
ment, the second hinge element 51 is rotatable on the
swash plate 18. Accordingly, even if the swash plate 18
inclines to twist the second protrusion 44 between the
link arms 61 by the axial load due to the compression
reactive force, stress due to the inclination rotates the
second hinge element 51 around the axis M on the
swash plate 18 so as to prevent the second protrusion
44 from twisting between the link arms 61.

[0058] An eighth preferred embodiment of the present
invention will now be described with reference to FIGs.
12 and 13. The components that are different from those
of the first preferred embodiment are only described.
The same reference numerals denote the substantially
identical components to those of the first preferred em-
bodiment, and the description is omitted.

[0059] FIG. 12illustrates a longitudinal cross-section-
al view of the hinge mechanism 19 according to the
eighth preferred embodiment of the present invention.
FIG. 13 illustrates a plan view of the hinge mechanism
19 according to the eighth preferred embodiment of the
present invention. In the eighth preferred embodiment,
the second hinge element 51 includes the single second
protrusion 44. A through hole 44f is formed through the
distal end of the second protrusion 44. A pin 65 is fixedly
inserted into the through hole 44f in the direction per-
pendicular to the axis L of the drive shaft 16. With re-
spect to the first hinge element 52, a cam groove 43f is
formed in each of the first protrusions 43. The second
protrusion 44 is inserted in between the first protrusions
43 so as to permit power transmission from the rotor 17
to the swash plate 18 by contacting the side surfaces
43a, 44a through a washer 67 and to slidably contact
the inner surface of the cam groove 43f by a cylindrical
surface 65a of both sides of the pin 65 that is inserted
into the cam groove 43f.

[0060] Accordingly, the axial load that acts on the
swash plate 18 due to the compression reactive force
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and the like is received by the inner surface of the cam
groove 43f of the first protrusion 43 through the pin 65
of the second hinge element 51. When the swash plate
18 varies its inclination angle, the hinge mechanism 19
guides to increase the inclination angle of the swash
plate 18 in such a manner that the pin 65 (the cylindrical
surface 65a) moves away from the drive shaft 16 along
the inner surface of the cam groove 43f on the side of
the rotor 17, while the distal end of the second protrusion
44 rotates around a central axis of the pin 65.

[0061] According tothe eighth preferred embodiment,
the second hinge element 51 is rotatable on the swash
plate 18. Accordingly, even if the swash plate 18 inclines
to twist the second protrusion 44 between the first pro-
trusions 43 and also inclines to twist the pin 65 in the
cam groove 43f by the axial load due to the compression
reactive force, stress due to the inclination rotates the
second hinge element 51 around the axis M on the
swash plate 18 so as to avoid their twisting.

[0062] The present invention is not limited to the em-
bodiments described above but may be modified into
the following alternative embodiments.

[0063] In alternative embodiments to those of the
above first and third through eighth preferred embodi-
ments, the second hinge element 51 is made of iron se-
ries sintered metal. In alternative embodiments to those
of the above second preferred embodiment, the first
hinge element 52 is made of iron series sintered metal.
Accordingly, the sintered metal effectively holds lubri-
cating oil so that sliding performance and seizure resist-
ance improve between the first and second hinge ele-
ments 52, 51. Incidentally, the lubricating oil is supplied
to the crank chamber 15 with its mist contained in the
refrigerant gas.

[0064] In alternative embodiments to those of the
above preferred embodiments, the second hinge ele-
ment 51 is rotatable on the swash plate 18, while the
first hinge element 52 is rotatable on the rotor 17.
[0065] In alternative embodiments to those of the
above second preferred embodiment, the first protru-
sion 43 is only rotatable on the rotor 17 in the compo-
nents 43, 45 of the first hinge element 52, while the cam
portion 45 is fixed to the rotor 17. Similarly, in alternative
embodiments to those of the above third preferred em-
bodiment, the second protrusion 44 is only rotatable on
the swash plate 18 in the components 44, 45 of the sec-
ond hinge element 51, while the cam portion 45 is fixed
to the swash plate 18.

[0066] In alternative embodiments to those of the
above first and third through eighth preferred embodi-
ments, a plurality of the second protrusions 44 is sepa-
rately formed, and each of the second protrusions 44 is
individually rotatable on the swash plate 18.

[0067] In alternative embodiments to those of the
above preferred embodiments, a plane bearing or a roll-
ing bearing is interposed between the shaft portion 48
or 55 and the shaft hole 18c or 17a, respectively. Also,
solid lubricant such as fluororesin and molybdenum di-
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sulfide is applied on at least one of the outer circumfer-
ential surface of the shaft portion 48 or 55 and the inner
circumferential surface of the shaft hole 18c or 173, re-
spectively. Accordingly, the second hinge element 51
smoothly rotates on the swash plate 18 according to the
first and third through eighth preferred embodiments or
the first hinge element 52 smoothly rotates on the rotor
17 according to the second preferred embodiment. As
a result, the swash plate 18 smoothly varies its inclina-
tion angle. That is, the compressor smoothly varies its
displacement volume.

[0068] In alternative embodiments to those of the
above preferred embodiments, at least one of the first
and second hinge elements 52, 51 includes a shaft hole,
while the rotor 17 or the swash plate 18 on which the
hinge element is arranged includes a shaft portion. Also,
a pair of the first hinge element 52 and the rotor 17 or a
pair of the second hinge element 51 and the swash plate
18 respectively includes shaft holes, and a shaft mem-
ber is interposed between the shaft holes by inserting
the shaft member into the shaft holes.

[0069] In alternative embodiments to those of the
above preferred embodiments, the first hinge element
52 or the second hinge element 51 has the degree of
freedom for slide relative to the rotor 17 or the swash
plate 18, respectively.

[0070] In alternative embodiments to those of the
above preferred embodiments, at least one of the first
and second hinge elements 52, 51 has two dimensional
degree of freedom for motion against the rotor 17 or the
swash plate 18 on which the hinge element is arranged.
For example, one of the first and second hinge elements
52, 51 has the degree of freedom for rotation and for
slide relative to the rotor 17 or the swash plate 18, re-
spectively.

[0071] In alternative embodiments to those of the
above preferred embodiments, an engaging groove is
recessed in a merely disc-shaped rotor (for example, the
shape from which the first and second hinge elements
52, 51 are omitted in the above preferred embodiments)
or a disc of a swash plate.

[0072] In alternative embodiments to those of the
above preferred embodiments, the compressor is a var-
iable displacement compressor that has a double-head-
ed piston.

[0073] In alternative embodiments to those of the
above preferred embodiments, the compressor is a
wobble type variable displacement compressor that has
a wobble plate or a cam plate.

[0074] Therefore, the present examples and embod-
iments are to be considered as illustrative and not re-
strictive, and the invention is not to be limited to the de-
tails given herein but may be modified within the scope
of the appended claims.

[0075] A variable displacement compressor has a
housing, a piston, a drive shaft, a rotor, a cam plate and
a hinge mechanism. The hinge mechanism between the
rotor and the cam plate guides the cam plate to incline
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and slide relative to the drive shaft. Thus, the displace-
ment volume of the compressor is varied. The rotation
of the drive shaft is converted to the reciprocation of the
piston through the rotor, the hinge mechanism and the
cam plate. The hinge mechanism includes first and sec-
ond hinge elements that are respectively provided on
the rotor and on the cam plate and engage each other.
At least one of the first and second hinge elements has
a degree of freedom for motion against the rotor and/or
the cam plate to which it belongs.

Claims

1. A variable displacement compressor comprising a
housing defining a cylinder bore, a piston accom-
modated in the cylinder bore, a drive shaft rotatably
supported by the housing, a rotor connected to the
drive shaft so as to rotate integrally with, a cam plate
supported by the drive shaft so as to slide and in-
cline relative to the drive shaft, the cam plate being
operatively connected to the piston, and a hinge
mechanism interposed between the rotor and the
cam plate, the hinge mechanism guiding the cam
plate to incline and slide relative to the drive shaft,
whereby the displacement volume of the compres-
sor is varied, the rotation of the drive shaft being
converted to the reciprocation of the piston through
the rotor, the hinge mechanism and the cam plate,
characterized in that the hinge mechanism in-
cludes a first hinge element provided on the rotor
and a second hinge element provided on the cam
plate, the second hinge element being engaged
with the first hinge element, and characterized in
that at least one of the first and second hinge ele-
ments has a degree of freedom for motion against
the rotor and/or the cam plate to which the hinge
element having the degree of freedom for motion
belongs.

2. The variable displacement compressor according
to claim 1, wherein at least one of the first and sec-
ond hinge elements has the degree of freedom for
rotation in such a manner that the hinge element is
pivotally supported by the rotor and/or the cam plate
to which the hinge element having the degree of
freedom for rotation belongs.

3. The variable displacement compressor according
to any one of claims 1 and 2, wherein at least one
of the rotor and the cam plate that includes the hinge
element having the degree of freedom for motion
has a regulating means for contacting to regulate a
motion range of the hinge mechanism.

4. The variable displacement compressor according
to any one of claims 1 through 3, wherein the first
hinge element has a first protrusion arranged on the
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rotor, the first protrusion extending toward the cam
plate, the second hinge element having a second
protrusion arranged on the cam plate, the second
protrusion extending toward the rotor and receiving
rotational power from the rotor by engagedly con-
tacting the first protrusion, one of the first and sec-
ond hinge elements including a receiving portion for
receiving axial load at its proximal portion of the pro-
trusion, the receiving portion receiving axial load
that acts on the cam plate in such a manner that the
receiving portion slidably contacts a distal end of the
protrusion of the other of the first and second hinge
elements.

The variable displacement compressor according
to claim 4, wherein the hinge mechanism further in-
cludes a slider that is interposed between the re-
ceiving portion and the distal end of the protrusion
of the other of the first and second elements.

The variable displacement compressor according
to any one of claims 1 through 4, wherein the hinge
mechanism further includes a pin that is connected
to one of the first and second hinge elements, the
other of the first, and second hinge elements includ-
ing a cam groove, the pin being inserted through
the cam groove.

The variable displacement compressor according
to any one of claims 4 and 5, wherein at least one
of the first and second protrusions is plurally provid-
ed, the plurally provided protrusions being integrat-
ed with each other, the integrated plurally provided
protrusions has the degree of freedom for motion
against the rotor and/or the cam plate to which the
integrated plurally provided protrusions belongs.

The variable displacement compressor according
to claim 7, wherein the number of plurally provided
protrusions is two.

The variable displacement compressor according
to claim 8, wherein the drive shaft is rotated in a
predetermined direction, the two provided protru-
sions being disposed in the predetermined direc-
tion, one of the provided protrusions on a preceding
side in the predetermined direction being formed
thicker than the other of the provided protrusions on
a following side in the predetermined direction.

The variable displacement compressor according
to claim 7, wherein both the first and second protru-
sions are plurally provided, each number of the plu-
rally provided protrusions being respectively two.

The variable displacement compressor according
to any one of claims 7 through 10, wherein at least
one of the first and second hinge elements includes:

10

15

20

25

30

35

40

45

50

55

11

12.

13.

14.

15.

16.

17.

20

a base having two surfaces;

a plurality of the protrusions extending from one
of the surfaces of the base; and

a shaft formed on the other of the surfaces of
the base.

The variable displacement compressor according
to any one of claims 1 through 11, wherein the hinge
element having the degree of freedom for motion is
made of a material that is smaller in relative density
than the rotor and/or the cam plate to which the
hinge element belongs.

The variable displacement compressor according
to claim 12, wherein the hinge element having the
degree of freedom for motion is made of aluminum
series metal, while the rotor and/or the cam plate to
which the hinge element belongs is made of iron
series metal.

The variable displacement compressor according
to any one of claims 1 through 13, wherein one of
the first and second hinge elements includes a
guide protrusion while the other of the first and sec-
ond hinge elements includes a guide groove, the
guide protrusion engaging the guide groove for
guiding the cam plate to incline and slide relative to
the drive shaft.

The variable displacement compressor according
to any one of claims 1 through 14, wherein the cam
plate is manufactured by forging.

The variable displacement compressor according
to any one of claims 1 through 15, wherein at least
one of the first and second hinge elements is made
of iron series sintered metal.

The variable displacement compressor according
to any one of claims 1 through 16, wherein the com-
pressor is a piston type.
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