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(57) A variable displacement compressor that pre-
vents inclination of a lug plate when the displacement is
less than the maximum displacement. A thrust bearing
61 is located between the lug plate 17 and the front
housing member 11. The thrust bearing 61 is annular
and centered on the axis L of the drive shaft 16. The
thrust bearing 61 receives a compression load F applied
to the lug plate 17 from pistons 22 through a swash

Thrust bearing for the swash plate of a compressor

plate 18 and a hinge mechanism 19. The radius 11 of
the thrust bearing 61 is greater than the distance
between the contact point of the hinge mechanism 19
and the axis L of the drive shaft 16 when the inclination
of the swash plate 18 is maximized. Therefore, the com-
pression load F is applied within the radius of the thrust
bearing, which reduces noise and vibration.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a variable
displacement compressor for air-conditioning vehicles.
[0002] Fig. 6 shows such a variable displacement
compressor (simply called compressor herein). The
compressor of Fig. 6 has a housing 102, which includes
a crank chamber 101. A drive shaft 103 is supported by
the housing 102 and passes through the crank chamber
101. A lug plate 104 is fixed to the drive shaft 103 in the
crank chamber 101. A swash plate 105 slides on the
drive shaft 103 and inclines relative to the axis L of the
drive shaft 103.

[0003] A hinge mechanism 106 is located between
the lug plate 104 and the swash plate 105. The hinge
mechanism 106 includes a guide pin 111 and a support
arm 112. The guide pin 111, which is formed on the
swash plate 105, includes a spherical portion 111a. The
support arm 112, which is formed on the lug plate 104,
includes a guide hole 112a for receiving the spherical
portion 111a. The hinge mechanism 106 causes the
swash plate 105 to rotate integrally with the drive shaft
103 and permits the swash plate 105 to incline with
respect to the drive shaft 103.

[0004] Cylinder bores 108 are formed in the hous-
ing 102. Pistons 107 are accommodated in the corre-
sponding cylinder bores 108. The pistons 107 are
coupled to the swash plate 105. Rotation of the drive
shaft 103 is converted into reciprocation of the pistons
107 through the hinge mechanism 106 and the swash
plate 105. This repeats a cycle of drawing refrigerant
gas into the cylinder bores 108, compressing the gas,
and discharging the gas from the cylinder bores 108.
[0005] A thrust bearing 109 is located between the
lug plate 104 and an inner wall 102a of the housing 102.
The thrust bearing 109 receives a compression force F
applied to the lug plate 104 from the pistons 107
through the swash plate 105 and the hinge mechanism
106.

[0006] The compressor displacement is adjusted by
varying the inclination of the swash plate 105. The hinge
mechanism 106 permits the inclination of the swash
plate 105 to vary, which varies the stroke of the pistons
107, that is, the compressor displacement. The maxi-
mum inclination of the swash plate 105 is determined by
abutment of the swash plate 105 against the lug plate
104. More specifically, a stop member 110, which is dia-
metrically opposite to the hinge mechanism 106 with
respect to the axis L, contacts the lug plate 104.

[0007] The compression load F is maximized when
the compressor displacement is maximized. At the max-
imum displacement (see Fig. 6), the compression load
F is transmitted from the swash plate 105 to the lug
plate 104 through a place of engagement S (the contact
point between the spherical portion 111a and the guide
hole 112a) and the stop member 110. Accordingly, the
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compression load F is transmitted to the lug plate 104 at
opposite sides of the axis L, which prevents a moment
based on the compression load F from inclining the lug
plate 104 relative to the drive shaft 103.

[0008] When the compressor displacement is less
than the maximum displacement, the stop member 110
does not contact the lug plate 104. Accordingly, the
compression load F (about the same as that when the
displacement is maximized) is transmitted from the
swash plate 105 to the lug plate 104 only through the
place of engagement S of the hinge mechanism 106.
Therefore, the transmission of the compression load F
to the lug plate 104 is unbalanced about the axis L.
[0009] The thrust bearing 109 is annular and
receives the compression load F within the radius 11.
However, the radius 11 is less than the distance
between the place of engagement S and the axis L
when the inclination of the swash plate 105 is maxi-
mized. Accordingly, the thrust bearing 109 does not
receive the compression load F from the place of
engagement S within the radius 11 when the swash
plate 105 is greatly inclined and the stop member 110
does not contact the lug plate 104.

[0010] When the displacement is less than the max-
imum displacement, an inclination moment based on
the compression load F is applied to the lug plate 104,
which inclines the lug plate 104 and increases the size
of a gap between the inner wall 102a and the lug plate
104. As a result, the thrust bearing 109 chatters when
the lug plate 104 rotates. This may cause noise and
vibration of the compressor.

SUMMARY OF THE INVENTION

[0011] An objective of the present invention is to
provide a variable displacement compressor that pre-
vents the inclination of the lug plate when the compres-
sor displacement is less than maximum displacement.

[0012] To achieve the above objective, the present
invention provides a variable displacement type com-
pressor structured as follows. A housing includes a
housing member and a cylinder block having a cylinder
bore. A crank chamber is formed in the housing. A drive
shaft is supported by the housing member and the cyl-
inder block. The drive shaft passes through the crank
chamber. A piston is accommodated in the cylinder bore
formed in the cylinder block. The piston is connected to
a cam plate. The cam plate converts rotation of the drive
shaft into reciprocation of the piston to cause the piston
to perform a gas compression operation. The cam plate
inclines with respect to the drive shaft. The displace-
ment of the compressor varies in accordance with the
inclination of the cam plate. A rotor is fixed to the drive
shaft and located in the crank chamber. A hinge mech-
anism connects the cam plate to the rotor so that the
cam plate is driven by the rotor. The hinge mechanism
permits the inclination angle of the cam plate to vary.
The position of a place of engagement in the hinge



3 EP 1 067 288 A2 4

mechanism between the cam plate and the rotor varies
according to the inclination of the cam plate. A stop
member is connected to the cam plate. The stop mem-
ber restricts the inclination of the cam plate when the
stop member contacts the rotor. An annular thrust bear-
ing is located in the crank chamber between the rotor
and the housing member. The thrust bearing receives a
compression load acting on the rotor. The compression
load results from the compression of gas by the piston.
The radius of the outermost force-transmitting points of
the thrust bearing is equal to or greater than the radial
distance between the place of engagement and the axis
of the drive shaft when the inclination angle of the cam
plate is maximum.

[0013] Other aspects and advantages of the inven-
tion will become apparent from the following descrip-
tion, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention, together with objects and
advantages thereof, may best be understood by refer-
ence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

Fig. 1 is a cross-sectional view of a variable dis-
placement compressor according to a first embodi-
ment;

Fig. 2 is a cross-sectional view of a variable dis-
placement compressor of Fig. 1 when the displace-
ment is minimized;

Fig. 3 is a partial perspective view showing the
vicinity of a hinge mechanism;

Fig. 4 is a diagram illustrating the relative dimen-
sions of the present invention;

Fig. 5 is a cross-sectional view of a variable dis-
placement compressor according to a second
embodiment; and

Fig. 6 is a cross-sectional view of a prior art
variable displacement compressor.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0015] First and second embodiments of the
present invention will be described in the following. The
description of the second embodiment will focus on dif-
ferences from the first embodiment.
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First embodiment

[0016] As shown in Fig. 1, a front housing member
11 is coupled to the front (left in Fig. 1) of a cylinder
block 12. A rear housing member 13 is coupled to the
rear (right in Fig. 1) of the cylinder block 12 through a
valve plate 14. The front housing member 11, the cylin-
der block 12, and the rear housing member 13 form a
compressor housing. A crank chamber 15 is defined
between the front housing member 11 and the cylinder
block 12. A drive shaft 16 passes through the crank
chamber 15 and is supported by the front housing mem-
ber 11 and the cylinder block 12.

[0017] A rotor, or lug plate 17, is fixed to the drive
shaft 16 in the crank chamber 15. A cam plate, which is
a swash plate 18 in this embodiment, is located in the
crank chamber 15. The drive shaft 16 passes through a
central hole 18a of the swash plate 18. A hinge mecha-
nism 19 is located between the lug plate 17 and the
swash plate 18.

[0018] As shown in Figs. 1 and 3, two guide pins 20
of the hinge mechanism 19 are formed on the front sur-
face of the swash plate 18 and are symmetrical to one
another with respect to a plane that includes the axis L
and a line D1. The line D1 marks a top dead center
location on the swash plate 18. When one of a plurality
of pistons 22 is axially aligned with the line D1, that pis-
ton 22 is in its top dead center position. A spherical por-
tion 20a is formed in the distal end of each guide pin 20.
Two support arms 21 are formed on the rear surface of
the lug plate 17 and are symmetrical to with respect to
the previously mentioned plane. A guide hole 21a is
formed in the distal end of each support arm 21 as
shown in Fig. 1. The spherical portions 20a are received
in the corresponding guide holes 21a and engage the
cylindrical walls of the guide holes 21a.

[0019] The spherical portions 20a slide in the corre-
sponding guide holes 21a, and the swash plate 18 is
supported by the drive shaft 16 through the central hole
18a. Accordingly, the swash plate 18 slides on the sur-
face of the drive shaft 16 and inclines relative to the
drive shaft 16.

[0020] As shown in Fig. 2, when the center of the
swash plate 18 moves toward the cylinder block 12, the
inclination of the swash plate decreases. At this time,
the spherical portions 20a move toward the axis L in the
corresponding guide holes 21a. That is, the places of
engagement S of the hinge mechanism 19 (the contact
points between each spherical portion 20a and the cor-
responding guide hole 21a) move toward the axis L.
[0021] As shown in Fig. 1, when the center of the
swash plate 18 moves toward the lug plate 17, the incli-
nation of the swash plate 18 increases. At this time, the
spherical portions 20a move away from the axis L in the
corresponding guide holes 21a. The maximum inclina-
tion of the swash plate 18 is determined by abutment of
a stop member 35 against the lug plate 17. The stop
member 35 of the swash plate 18 is substantially dia-
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metrically opposite to the hinge mechanism 19 with
respect to the axis L and is located in the vicinity of a
line D2 of the swash plate 18. The line D2 marks a bot-
tom dead center location on the swash plate 18, that is,
a piston 22 is in its bottom dead center position when
axially aligned with the line D2.

[0022] Cylinder bores 12a (only two are shown) are
formed in the cylinder block 12 and equally spaced from
the axis L at predetermined angular intervals. Each pis-
ton 22 includes a head 22a, which is accommodated in
the corresponding cylinder bore 12a, and a neck 22b,
which is coupled to the periphery of the swash plate 18
through shoes 23. Rotation of the drive shaft 16 is con-
verted into reciprocation of the pistons 22 through the
swash plate 18 and the shoes 23.

[0023] A suction chamber 24 and a discharge
chamber 25 are formed in the rear housing member 13,
respectively. The valve plate 14 includes suction ports
26, suction valves 27, discharge ports 28, and dis-
charge valves 29. When the drive shaft 16 is rotated by
an external drive source such as a vehicle engine (not
shown), refrigerant gas in the suction chamber 24 is
drawn to the cylinder bores 12a through the corre-
sponding suction ports 26 and suction valves 27 by the
movement of the pistons 22 from the top dead center to
the bottom dead center. Then, movement of the pistons
22 from the bottom dead center to the top dead center
compresses the refrigerant gas in the cylinder bores
12a to a certain pressure and discharges the refrigerant
gas to the discharge chamber 25 through the corre-
sponding discharge ports 28 and discharge valves 29.
[0024] A bleed passage 30 connects the crank
chamber 15 to the suction chamber 24. A pressurizing
passage 31 connects the discharge chamber 25 to the
crank chamber 15. A displacement control valve 32 is
located in the pressurizing passage 31. The control
valve 32 adjusts the opening size of the pressurizing
passage 31, which adjusts the flow rate of high-pres-
sure gas from the discharge chamber 25 to the crank
chamber 15. The relationship between the flow rate of
gas into the crank chamber 15 and the flow rate of gas
released from the crank chamber 15 to the suction
chamber 24 determines the pressure in the crank
chamber 15. When the pressure in the crank chamber
15 is varied, the difference between the pressure in the
crank chamber 15 and the pressure in the cylinder
bores 12a is varied, which varies the inclination of the
swash plate 18 and adjusts the compressor displace-
ment.

[0025] The advantages of the first embodiment will
now be described.

[0026] As shown in Fig. 1, an annular thrust bearing
61 is located between the lug plate 17 and an inner wall
11a of the front housing member 11. The thrust bearing
61 is centered about the axis L of the drive shaft 16. The
thrust bearing 61 receives a compression load F applied
from the pistons 22 to the lug plate 17 through the
swash plate 18 and the hinge mechanism 19.
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[0027] The thrust bearing 61 includes a rear annu-
lar race 62, which is fixed to the lug plate 17, a front
annular race 63 fixed to the wall 11a of the front housing
member 11, and rollers 64 (only two are shown), which
are between the races 62, 63. The rollers 64 are radially
arranged about the axis L. The front race 64 rotates rel-
ative to the rear race 62 when the lug plate 17 rotates.
Accordingly, the rollers 64 rotate about the axis L while
the lug plate 17 rotates.

[0028] As shown in Figs. 1 and 4, the thrust bearing
61 receives the compression load F within the radius
11. The radius 11 is greater than the distance 12, which
is between the place of engagement S and the axis L
when the swash plate 18 is at the maximum inclination
position. The radius 11 corresponds to the radius of a
circle drawn by the outermost points of contact between
the races 62, 63 and the rollers 64.

[0029] As shown in Fig. 1, when the compressor
displacement is maximized, the compression load F
from the swash plate 18 is applied to the lug plate 17
through the place of engagement S and the stop mem-
ber 35. Accordingly, the application of the compression
load F is relatively balanced on the lug plate 17 with
respect to the axis L. This prevents a significantly great
inclination moment based on the compression load F
from being applied to the lug plate 17.

[0030] However, when the compressor displace-
ment becomes less than the maximum displacement,
the stop member 35 does not contact the lug plate 17.
Accordingly, the compression load F from the swash
plate 18 is applied to the lug plate 17 only through the
place of engagement S (the magnitude of the compres-
sion load F and the location of the place of engagement
S may be considered to be the same as those when the
displacement is maximized). Therefore, the compres-
sion load F is transmitted to the lug plate 17 in an unbal-
anced manner with respect to the axis L.

[0031] The radius 11 of the thrust bearing 61 is
greater than the distance 12 between the place of
engagement S and the axis L when the inclination of the
swash plate 18 is maximized. Even if the compression
load F is transmitted to the lug plate 17 only through the
place of engagement S when the displacement
becomes less than the maximum displacement, the
places of engagement S remain within the radius 11. As
a result, the lug plate 17 properly receives the compres-
sion load F and is not inclined by an inclination moment
based on the compression load F. This prevents noise
and vibration of the compressor.

Second embodiment

[0032] To avoid a redundant description, like or
same reference numerals are given to those compo-
nents that are the same as the corresponding compo-
nents of the first embodiment.

[0033] As shown in Fig. 5, in a second embodiment,
the swash plate 18 is supported by the drive shaft 16 in
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a different manner, and the structure of a hinge mecha-
nism 71 is different, compared to the hinge mechanism
19 of the first embodiment.

[0034] A sleeve 72 slides axially on the drive shaft
16. Two support pins 73 (only one shown) are located
on opposite sides of the sleeve 72. The support pins 73
define a pivot axis that is perpendicular to the axis L.
The swash plate 18 is supported by the sleeve 72
through the support pins 73, and the inclination of the
swash plate 18 varies.

[0035] A support arm 75 is formed on the rear of the
lug plate 17 at a location corresponding to a top dead
center line D1 of a swash plate 18. An elongated guide
hole 75a passes through the distal end of the support
arm 75 in as shown in Fig. 5. A link pin 74, which is
located in front of the line D1, engages the guide hole
75a of the support arm 75. The pin 74 is supported by
the swash plate 18 as shown in Fig. 5.

[0036] The guide hole 75a guides the link pin 74.
The sleeve 72 supports the swash plate 18 and slides
on the drive shaft 16. Accordingly, the swash plate 18
moves axially and inclines with respect to the drive shaft
16. When the sleeve 72 moves toward the cylinder block
12, the inclination of the swash plate 18 decreases. At
this time, the place of engagement S (a line of contact
between the link pin 74 and the guide hole 75a as
shown in Fig. 5) moves toward the axis L along the
guide hole 75a.

[0037] When the sleeve 72 moves toward the lug
plate 17, the inclination of the swash plate 18 increases.
At this time, the place of engagement S moves away
from the axis L along the guide hole 75a. The maximum
inclination of the swash plate 18 is determined by the
abutment of the sleeve 72 against the lug plate 17.
Therefore, a front part of the sleeve 72 is a stop mem-
ber.

[0038] The radius 11 of the thrust bearing 61 is
greater than the distance 12 between the place of
engagement S and the axis L when the inclination of the
swash plate 18 is maximized as shown in Fig. 5.
Accordingly, the present invention has the same opera-
tion and advantages as the first embodiment.

[0039] Although only two embodiments of the
present invention have been described herein, it should
be apparent to those skilled in the art that the present
invention may be embodied in many other specific
forms without departing from the spirit or scope of the
invention. Particularly, it should be understood that the
invention may be embodied in the following forms.
[0040] In the hinge mechanism 19 of the first
embodiment, the guide pins 20 (and the spherical por-
tions 20a) may be fixed to the lug plate 17, and the sup-
port arms 21 (and the guide holes 21a) may be formed
on the swash plate 18.

[0041] In the hinge mechanism 71 of the second
embodiment, the link pin 74 may be formed on the lug
plate 17, and the support arm 75 (and the guide hole
75a) may be formed on the swash plate 18.
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[0042] In the hinge mechanism 19 of the first
embodiment, only one guide pin 20 (and one spherical
portion 20a) and one support arm 21 (and one guide
hole 21a) may be employed.

[0043] At least one of the races 62, 63 may be omit-
ted from the thrust bearing 61. In this case, the rollers
64 directly roll on the front surface of the lug plate 17 or
the inner wall 11a of the front housing member 11. This
reduces the number of parts.

[0044] The rollers 64 of the thrust bearing 61 may
be balls. The thrust bearing is not limited to roller bear-
ing and may be a slide bearing without rollers.

[0045] The present invention may be applied to a
wobble-type variable displacement compressor.

[0046] 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 and equivalence of the appended claims.

[0047] A variable displacement compressor that
prevents inclination of a lug plate when the displace-
ment is less than the maximum displacement. A thrust
bearing 61 is located between the lug plate 17 and the
front housing member 11. The thrust bearing 61 is
annular and centered on the axis L of the drive shaft 16.
The thrust bearing 61 receives a compression load F
applied to the lug plate 17 from pistons 22 through a
swash plate 18 and a hinge mechanism 19. The radius
11 of the thrust bearing 61 is greater than the distance
between the contact point of the hinge mechanism 19
and the axis L of the drive shaft 16 when the inclination
of the swash plate 18 is maximized. Therefore, the com-
pression load F is applied within the radius of the thrust
bearing, which reduces noise and vibration.

Claims

1. A variable displacement compressor comprising: a
housing having a housing member (11) and a cylin-
der block (12); a crank chamber (15) formed in the
housing; a drive shaft (16) supported by the hous-
ing member and the cylinder block so as to pass
through the crank chamber; a plurality of pistons
(22) accommodated in cylinder bores (12a) formed
in the cylinder block; a cam plate (18) to which the
pistons are connected, the cam plate converting
rotation of the drive shaft into reciprocation of the
pistons to cause the pistons to perform a gas com-
pression operation, wherein the cam plate inclines
with respect to the drive shaft, and the displace-
ment of the compressor varies in accordance with
the inclination of the cam plate; a rotor (17) fixed to
the drive shaft and located in the crank chamber; a
hinge mechanism (19, 71) for connecting the cam
plate to the rotor so that the cam plate is driven by
the rotor, wherein the hinge mechanism permits the
inclination angle of the cam plate to vary, wherein
the position of a place of engagement in the hinge
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mechanism between the cam plate and the rotor
varies according to the inclination of the cam plate;
a stop member (35, 72) connected to the cam plate
for restricting the inclination of the cam plate when
the stop member contacts the rotor; and an annular
thrust bearing (61) located in the crank chamber
between the rotor and the housing member, so as
to receive a compression load acting on the rotor
according to the compression of gas by the piston,
characterized in that the radius (11) of the outer-
most force-transmitting points of the thrust bearing
is equal to or greater than the radial distance
between the place of engagement (S) and the axis
(L) of the drive shaft when the inclination angle of
the cam plate is maximum.

The variable displacement compressor according
to claim 1, wherein the hinge mechanism (19)
includes a spherical portion (20a), which is fixed to
one of the rotor and the cam plate, and a guide hole
(21a) provided in the other of the rotor and the cam
plate, wherein the spherical portion is received by
the guide hole and slides on a wall defining the
guide hole, and wherein the place of engagement
(S) is a point of contact between the spherical por-
tion and the wall defining the guide hole.

The variable displacement compressor according
to claim 2, wherein the hinge mechanism (19)
includes a pair of spherical portions (20a) and a
pair of guide holes (21a).

The variable displacement compressor according
to any one of claims 1 to 3, wherein the stop mem-
ber (35) is formed on the cam plate.

The variable displacement compressor according
to claim 1 further comprising:

an elongated guide hole (75a) formed in a
member that is fixed to one of the rotor and the
cam plate; and

a link pin (74) fixed to the other of the rotor and
the cam plate, wherein the link pin is received
by the guide hole, and wherein the place of
engagement (S) is a line of contact between
the link pin and a surface defining the guide
hole.

The variable displacement compressor according
to claim 1 or 5, further comprising a sleeve (72) for
supporting the cam plate (18), wherein the sleeve
slides on the drive shaft (16), and wherein the stop
member is a part of the sleeve.

The variable displacement compressor according
to claim 1, 2, 3 or 5, wherein the thrust bearing (61)
is a roller bearing and comprises a race (62) fixed to
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the rotor (17), a race (63) fixed to an inner wall sur-
face of the housing member (11), and rolling ele-
ments (64) located between the races.

The variable displacement compressor according
to claim 7, wherein the rolling elements include roll-
ers.
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