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(54) Variable displacement compressor

(57) A cam plate of a variable displacement com-
pressor is easily manufactured. The compressor in-
cludes a lug plate (17) fixed to a drive shaft (16), a cam
plate (18) supported in an inclinable manner by the drive
shaft, and a hinge mechanism (20) connecting the lug

plate and the cam plate. The cam plate includes a disk
(18a) engaged with a piston (23) and a joint (18b; 50)
formed separately from the disk and fixed to the disk.
The joint forms the hinge mechanism. At least one of
the joint and the disk is press-formed.
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Description

[0001] The present invention relates to a cam plate of
a variable displacement compressor.
[0002] Japanese Unexamined Patent Publication No.
10-274153 describes a typical compressor employed in
an automobile air conditioner. As shown in Figs. 6 and
7, the compressor includes a lug plate 101, a drive shaft
102, and a cam plate 103. The lug plate 101 is fixed to
the drive shaft 102. A shaft hole 103a extends through
the center of the cam plate 103. The drive shaft 102 ex-
tends through the shaft hole 103a. A clearance, having
a predetermined dimension, is formed between the
drive shaft 102 and the wall surface that defines the
shaft hole 103a to support the cam plate 103 in an in-
clinable manner. A housing 105 accommodates the lug
plate 101, the drive shaft 102, and the cam plate 103. A
piston 104 is retained in each cylinder bore 105a. Each
piston 104 is engaged to the peripheral portion of the
cam plate 103 by means of a pair of shoes 106.
[0003] The lug plate 101 and the cam plate 103 are
connected to each other by a hinge mechanism 107.
The hinge mechanism 107 includes two guide pins 108,
which extend from the cam plate 103, and support arms
109, which extend from the lug plate 101 in correspond-
ence with the guide pins 108. Spherical portions 108a
are defined on the distal end of each guide pin 108. A
guide bore 109a extends through each support arm 109.
The axis of each guide bore 109a is inclined relative to
the axis of the drive shaft 102. The spherical portion
108a of each guide pin 108 is inserted in the guide bore
109a of the corresponding guide pin 108.
[0004] The lug plate 101 and the hinge mechanism
107 rotate integrally with the drive shaft 102. The rota-
tional movement of the cam plate 103 is converted to
reciprocal linear movement of the pistons 104 by means
of the shoes 106. As a result, a compression cycle,
which includes the suction, compression, and discharge
of refrigerant gas, is performed in each cylinder bore
105a. Referring to Fig. 6, a top dead center portion D1
and a bottom dead center portion D2 are defined on the
inclined cam plate 103. When a certain point on the in-
clined cam plate 103 rotates 180 degrees from the top
dead center portion D1, the certain point reaches the
bottom dead center portion D2. The piston 104 engaged
with the top dead center portion D1 of the cam plate 103
is arranged at the top dead center in the associated cyl-
inder bore 105a. Further, the piston 104 engaged with
the bottom dead center portion D2 of the cam plate 103
is arranged at the bottom dead center in the associated
cylinder bore 105a.
[0005] The hinge mechanism 107 enables the cam
plate 103 to incline between a maximum inclination po-
sition (the state shown in Fig. 6) and a minimum inclina-
tion position (not shown). When the inclination of the
cam plate 103 is altered, the bottom dead center posi-
tion changes, although the top dead center position re-
mains the same. This changes the stroke of the pistons

104 and adjusts the displacement of the compressor.
[0006] The cam plate 103 has a contacting portion
103b that opposes the guide pins 108 on the same sur-
face of the cam plate 103 as the guide pins 108. A seat
101a is defined on the lug plate 101 at a position corre-
sponding to the contacting portion 103b. When the in-
clination of the cam plate 103 is maximal, the contacting
portion 103b contacts the seat 101a. In this state, the
cam plate 103 is arranged at the maximum inclination
position.
[0007] In the prior art, the cam plate 103 is manufac-
tured by machining a cast material. As shown in Fig. 7,
the cam plate 103, which is integrally cast, includes a
thick portion 103d, the contacting portion 103b, guide
pin holding portions 103e, and a disk portion 103c. Pre-
determined portions of the cast cam plate 103 are ma-
chined. The guide pins 108, which are formed separate-
ly from the cam plate 103, are fitted to holes that are
formed in the guide pin holding portions 103e. This com-
pletes the final cam plate 103. The parts of the cam plate
103 that undergo machining include the circumferential
surface and the two opposing flat surfaces of the disk
portion 103c, the flat end surfaces of the guide pin hold-
ing portions 103e, the holes for receiving the guide pins
108, the surface of the contacting portion 103b, and the
shaft hole 103a.
[0008] The cam plate 103 is cast and thus includes
unnecessary material. As a result, the cast cam plate
103 is heavy. Further, many parts of the cam plate 103
must be machined. Thus, it takes time to machine the
cam plate 103.
[0009] It is an object of the present invention to pro-
vide a variable displacement compressor that includes
an easily formed cam plate.
[0010] To achieve the above object, the present in-
vention provides a variable displacement compressor
for drawing, compressing, and discharging refrigerant
with a piston reciprocated by converting rotation of a
drive shaft via a lug plate fixed to the drive shaft, a cam
plate supported in an inclinable manner by the drive
shaft, and a hinge mechanism connecting the lug plate
and the cam plate. The displacement of the compressor
varies in accordance with the inclination of the cam
plate. The cam plate includes a disk engaged with the
piston, and a joint forming the hinge mechanism. The
joint is formed separately from the disk and connected
to the disk. At least one of the joint and the disk is press-
formed.
[0011] A further perspective of the present invention
is a method for manufacturing a cam plate of a variable
displacement compressor. The compressor draws,
compresses, and discharges refrigerant with a piston re-
ciprocated by converting rotation of a drive shaft via a
lug plate fixed to the drive shaft, the cam plate, and a
hinge mechanism connecting the lug plate and the cam
plate. The cam plate is supported in an inclinable man-
ner by the drive shaft. The displacement of the compres-
sor varies in accordance with the inclination of the cam
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plate. The method includes press forming a disk having
a hole from a metal plate, bending a metal plate to form
a joint having two bent pieces, and fixing the disk and
the joint to each other.
[0012] Other aspects and advantages of the present
invention will become apparent from the following de-
scription, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles
of the invention.
[0013] The invention, together with objects and ad-
vantages thereof, may best be understood by reference
to the following description of the presently preferred
embodiments together with the accompanying drawings
in which:

Fig. 1 is a cross-sectional view showing a variable
displacement compressor according to the present
invention;
Fig. 2 is a perspective view showing a cam plate of
the compressor of Fig. 1;
Fig. 3 is a perspective view showing a disk of the
cam plate of Fig. 2;
Fig. 4 is a perspective view showing a joint of the
cam plate of Fig. 2;
Fig. 5 is a perspective view showing a joint of a fur-
ther embodiment according to the present inven-
tion;
Fig. 6 is a cross-sectional view showing a prior art
variable displacement compressor; and
Fig. 7 is a perspective view showing a cam plate of
the compressor of Fig. 6.

[0014] A single-headed piston type variable displace-
ment compressor according to the present invention will
now be discussed. The compressor is employed in an
air conditioning system of a vehicle.
[0015] As shown in Fig. 1, a front housing 11 is fixed
to the front end of a cylinder block 12. A rear housing
13 is fixed to the rear end of the cylinder block 12. A
valve plate 14 is arranged between the rear housing 13
and the cylinder block 12. A crank chamber 15 is defined
in the front housing 11 and the cylinder block 12. The
front housing 11 and the cylinder block 12 rotatably sup-
port a drive shaft 16, which extends through the crank
chamber 15. The drive shaft 16 is connected to the ve-
hicle engine (not shown) by a clutch mechanism such
as an electromagnetic clutch. Accordingly, the drive
shaft 16 is rotated if the electromagnetic clutch connects
the drive shaft 16 to the engine when the engine is run-
ning.
[0016] A lug plate 17 is fixed to the drive shaft 16 in
the crank chamber 15. A cam plate 18 is accommodated
in the crank chamber 15. The drive shaft 16 is inserted
through a shaft hole 19, which extends through the cen-
tral portion of the cam plate 18. The hinge mechanism
20 connects the lug plate 17 and the cam plate 18.
[0017] The cam plate 18 will now be described with
reference to Figs. 1 to 4. The cam plate 18 of Fig. 2 is

formed by fixing a disk 18a, which is shown in Fig. 3,
and a joint 18b, which is shown in Fig. 4, to each other.
The joint 18b forms part of the hinge mechanism 20. To
fix the disk 18a and the joint 18b to each other, for ex-
ample, the disk 18a and the joint 18b may be welded (e.
g., spot welding or projection welding) to each other. Al-
ternatively, the disk 18a and the joint 18b may be fixed
to each other by rivets or the like. As shown in Fig. 3, a
disk hole 19a, which forms part of the shaft hole 19, ex-
tends through the central portion of the disk 18a. The
disk 18a, which has the disk hole 19a, is formed by, for
example, pressing out a sheet of rolled steel. Further,
referring to Fig. 4, the joint 18b is formed by, for example,
pressing a sheet of rolled steel in a C-shaped manner.
The joint 18b has two bent pieces, which are separated
from each other by a predetermined distance. A con-
necting portion 18c and an engaging portion 32 are de-
fined on each bent piece. A pin hole 18d extends
through the distal end of each connecting portion 18c to
receive a hinge pin 21, which is shown in Fig. 1. A joint
hole 19b, which forms part of the shaft hole 19, extends
through the central portion of the joint 18b.
[0018] Referring to Fig. 1, the lug plate 17 includes a
support arm 33, which has a bifurcated portion 33a, cor-
responding to the connecting portion 18c. The two con-
necting portions 18c of the joint 18b are arranged be-
tween the bifurcated portion 33a. Further, the bifurcated
portion 33a has guide holes 33b. The hinge pin 21 is
inserted through the guide holes 33b and the pin holes
18d. The hinge pin 21 is movable in the guide holes 33b.
Thus, the cam plate 18 is movable between a maximum
inclination position, in which the engaging portion 32
contacts the lug plate 17, and a minimum inclination po-
sition, in which the disk 18a of the cam plate 18 contacts
a snap ring 31, which is attached to the drive shaft 16.
A compression spring 22 is arranged between the lug
plate 17 and the cam plate 18. The support arm 33 and
the hinge pin 21 form part of the hinge mechanism 20.
[0019] A plurality of equally spaced cylinder bores 12a
(only one shown in Fig. 1) extend through the cylinder
block 12 about the axis L of the drive shaft. A single-
headed piston 23 is retained in each cylinder bore 12a.
Each piston 23 is engaged with the peripheral portion of
the disk 18a by means of a pair of shoes 24.
[0020] A suction chamber 25 is defined in the central
portion of the rear housing 13. A discharge chamber 26
is defined in the peripheral portion of the rear housing
13. A suction port 27, a suction valve 28, a discharge
port 29, and a discharge valve 30 are provided for each
piston 23 in the valve plate 14.
[0021] The lug plate 17 and the hinge mechanism 20
rotate the cam plate 18 integrally with the drive shaft 16.
When the drive shaft 16 rotates, the inclination of the
cam plate 18 relative to the axis L reciprocates the pis-
tons 23 by means of the shoes 24.
[0022] When each piston 23 moves from the top dead
center to the bottom dead center in the associated cyl-
inder bore 12a, refrigerant gas is drawn into the cylinder
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bore 12a from the suction chamber 25 through the suc-
tion port 27 and the suction valve 28. When the piston
23 moves from the bottom dead center to the top dead
center, the refrigerant gas drawn into the cylinder bore
12a is compressed and then discharged into the dis-
charge chamber 26 through the discharge port 29 and
the discharge valve 30.
[0023] A bleeding passage 35 connects the crank
chamber 15 and the suction chamber 25. A gas supply
passage 36 connects the discharge chamber 26 and the
crank chamber 15. A displacement control valve 37 is
arranged in the gas supply passage 36. A pressure
sensing passage 38 connects the suction chamber 25
and the displacement control valve 37. The displace-
ment control valve 37 detects the pressure in the suction
chamber 25 through the pressure sensing passage 38
and is controlled based on the detected pressure.
[0024] The displacement control valve 37 adjusts the
opening degree of the gas supply passage 36 to change
the pressure in the crank chamber 15 and adjust the dif-
ferential pressure acting on the pistons 23 (i.e., the dif-
ference between the pressure in the crank chamber 15
and the pressure in the cylinder bores 12a). This alters
the inclination of the cam plate 18, changes the stroke
of the pistons 23, and varies the displacement of the
compressor.
[0025] When the cooling load is small, the pressure
in the suction chamber 25, or the suction pressure, is
lower than a predetermined value. In this state, the dis-
placement control valve 37 functions to increase the
opening degree of the gas supply passage 36. Thus, the
refrigerant gas drawn into the crank chamber 15 from
the discharge chamber 26 increases the pressure in the
crank chamber 15. Accordingly, the hinge pin 21 moves
in the guide holes 33b toward the axis L. Further, the
cam plate 18 moves along the drive shaft 16 toward the
minimum inclination position, as its inclination decreas-
es. This decreases the stroke of the pistons 23. As a
result, the displacement of the compressor decreases,
and the suction pressure is increased so that it ap-
proaches the predetermined value.
[0026] When the cooling load is large, the suction
pressure is greater than a predetermined value. Thus,
the displacement control valve 37 functions to decrease
the opening degree of the gas supply passage 36, and
the refrigerant gas in the crank chamber 15 is released
into the suction chamber 25 through the bleeding pas-
sage 35. This decreases the pressure in the crank
chamber 15. Accordingly, the hinge pin 21 moves in the
guide holes 33b away from the axis L. Simultaneously,
the cam plate 18 moves along the drive shaft 16 toward
the maximum inclination position, as its inclination in-
creases. This increases the stroke of the pistons 23. As
a result, the displacement of the compressor increases,
and the suction pressure is decreased so that it ap-
proaches the predetermined value.
[0027] The advantages of the preferred and illustrated
embodiment will now be described.

(1) The cam plate 18 is formed by fixing the disk 18a
and the joint 18b, which are press-formed, to each
other. This drastically decreases portions that un-
dergo machining in comparison to the prior art in
which a cast material is machined. Accordingly, the
manufacturing process is simplified and the time re-
quired for machining is shortened.

(2) Since the cam plate 18 is press-formed, the cam
plate 18 does not include unnecessary material.
Thus, in comparison to an integrally cast cam plate,
the cam plate 18 is light.

(3) The disk 18a and the joint 18b are each press-
formed. Thus, the disk 18a and the joint 18b may
be formed from high-strength material or general-
purpose material. Accordingly, each component
may be formed from the optimal material. This im-
proves the quality and reliability of the compressor.

[0028] 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 under-
stood that the present invention may be embodied in the
following forms.
[0029] Referring to Fig. 5, a generally U-shaped plate
50 may be employed as the joint. The joint 50 is press-
formed so that its distal portions, which serve as con-
necting portions 52, is inclined relative to its basal por-
tion, which serves as an engaging portion 51. Each con-
necting portion 52 includes a pin hole 53 through which
the hinge pin 21 is inserted. Fastening holes 54 are
formed in the joint 50. Rivets are inserted in the fasten-
ing holes 54 and fastened to the joint 50 to fix the joint
50 and the disk 18a to each other. This structure has the
same advantages as the above embodiment.
[0030] 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 here-
in, but may be modified within the scope and equiva-
lence of the appended claims.
[0031] A cam plate of a variable displacement com-
pressor is easily manufactured. The compressor in-
cludes a lug plate (17) fixed to a drive shaft (16), a cam
plate (18) supported in an inclinable manner by the drive
shaft, and a hinge mechanism (20) connecting the lug
plate and the cam plate. The cam plate includes a disk
(18a) engaged with a piston (23) and a joint (18b; 50)
formed separately from the disk and fixed to the disk.
The joint forms the hinge mechanism. At least one of
the joint and the disk is press-formed.

Claims

1. A variable displacement compressor for drawing,
compressing, and discharging refrigerant with a pis-
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ton (23) reciprocated by converting rotation of a
drive shaft via a lug plate (17) fixed to the drive shaft
(16), a cam plate (18) supported in an inclinable
manner by the drive shaft, and a hinge mechanism
(20) connecting the lug plate and the cam plate,
wherein the displacement of the compressor varies
in accordance with the inclination of the cam plate,
the compressor being characterized in that:

the cam plate (18) includes a disk (18a) en-
gaged with the piston, and a joint (18b; 50)
forming the hinge mechanism, wherein the joint
is formed separately from the disk and is con-
nected to the disk, and at least one of the joint
and the disk is press-formed.

2. The variable displacement compressor according
to claim 1, characterized in that the cam plate (18)
is formed by fixing the joint (18b; 50) and the disk
(18a) to each other.

3. The variable displacement compressor according
to claim 1 or 2, wherein the disk (18a) is a press-
formed component.

4. The variable displacement compressor according
to any one of claims 1 to 3, characterized in that
the joint (18b; 50) is a press-formed component.

5. The variable displacement compressor according
to any one of claims 1 to 5, characterized in that
the lug plate (17) includes a support arm (33), the
joint (18b; 52) of the cam plate (18) includes a con-
necting portion (18c; 52), and the hinge mechanism
(20) includes the support arm, the connecting por-
tion of the joint of the cam plate, and a hinge pin
(21) for connecting the support arm and the con-
necting portion.

6. The variable displacement compressor according
to any one of claims 1 to 5, characterized in that
the joint (18b; 50) of the cam plate further includes
an engaging portion (32) for contacting the lug plate
(17) and a hinge hole (18d; 53) for receiving the
hinge pin (21).

7. The variable displacement compressor according
to any one of claims 1 to 6, characterized in that
the joint (18b) further includes a shaft hole (19b)
through which the drive shaft (16) is inserted.

8. The variable displacement compressor according
to any one of claims 5 to 7, characterized in that
the connecting portion (18c; 53) is one of two con-
necting portions, and the two connecting portions
are separated from each other by a predetermined
distance.

9. A method for manufacturing a cam plate (18) of a
variable displacement compressor, wherein the
compressor draws, compresses, and discharges
refrigerant with a piston (23) reciprocated by con-
verting rotation of a drive shaft via a lug plate (17)
fixed to the drive shaft (16), the cam plate, and a
hinge mechanism (20) connecting the lug plate and
the cam plate, the cam plate being supported in an
inclinable manner by the drive shaft, wherein the
displacement of the compressor varies in accord-
ance with the inclination of the cam plate, the meth-
od being characterized by the steps of:

press forming a disk (18a) having a hole from
a metal plate;
bending a metal plate to form a joint (18b; 50)
having two bent pieces; and
fixing the disk (18a) and the joint (18b) to each
other.

10. The method according to claim 9, further being
characterized by the steps of:

forming a hole (18d; 53) for engaging a hinge
pin to form the hinge mechanism (20) in each
bent piece.

7 8



EP 1 219 832 A1

6



EP 1 219 832 A1

7



EP 1 219 832 A1

8



EP 1 219 832 A1

9



EP 1 219 832 A1

10



EP 1 219 832 A1

11



EP 1 219 832 A1

12



EP 1 219 832 A1

13



EP 1 219 832 A1

14


	bibliography
	description
	claims
	drawings
	search report

