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(54) Clutchless swash plate compressor

(57) A clutchless swash plate compressor compress-
ing refrigerant gas mixed with lubricating oil is used for
an air conditioner of a vehicle. The clutchless swash plate
compressor includes a bleed passage, a supply passage
and a displacement control valve. The supply passage
includes an oil supply passage and a refrigerant supply

passage both by which the discharge chamber commu-
nicates with the displacement control valve. With the
compressor installed in the vehicle, the oil supply pas-
sage is opened to the discharge chamber at the lower
part thereof and the refrigerant supply passage is opened
to the discharge chamber at a position above where the
oil supply passage is opened to the discharge chamber.



EP 2 093 423 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a swash plate
compressor.
[0002] Japanese Patent Application Publication No.
2000-265960 discloses a swash plate compressor. This
swash plate compressor is a clutchless compressor
whose drive shaft is constantly rotated by a vehicle drive
source through a pulley.
[0003] In the swash plate compressor of this publica-
tion, the front housing, the cylinder block and the rear
housing cooperate to make up a compressor housing,
which forms therein a plurality of cylinder bores, a suction
chamber, a discharge chamber and a crank chamber. A
drive shaft is rotatably supported in the front housing and
the cylinder block with one end thereof exposed outside
the front housing and the intermediate portion thereof
disposed in the crank chamber. A swash plate is sup-
ported in the crank chamber by the drive shaft so that its
inclination angle is variable. A piston is reciprocatively
disposed in each of the cylinder bores. A pair of front and
rear shoes is provided between the swash plate and each
piston. Each pair of shoes converts oscillating motion of
the swash plate into reciprocating motion of the piston.
[0004] The swash plate compressor has therein a
bleed passage connecting the crank chamber and the
suction chamber and a supply passage connecting the
discharge chamber and the crank chamber. The bleed
passage is formed in the cylinder block and the valve
unit. The supply passage is formed in the cylinder block,
the valve unit and the rear housing. A displacement con-
trol valve is disposed in the supply passage for adjusting
the pressure in the crank chamber. The supply passage
includes a primary passage connecting the discharge
chamber and the control valve and a secondary passage
connecting the control valve and the crank chamber. With
the compressor installed in the vehicle, the primary pas-
sage is opened to the discharge chamber at the lower
part thereof.
[0005] The swash plate compressor, the condenser,
the expansion valve and the evaporator cooperate to
form a refrigeration system, which is applicable in an air
conditioner of the vehicle. Refrigerant gas mixed with lu-
bricating oil is sealed in the refrigeration system. In op-
eration of the swash plate compressor, the control valve
is operable to adjust the pressure in the crank chamber
in accordance with the pressure in the suction chamber
and the flow rate of the refrigerant gas thereby to change
the inclination angle of the swash plate relative to the
drive shaft, thus varying the displacement of the com-
pressor.
[0006] When the vehicle is running with the air condi-
tioner turned off, the clutchless swash plate compressor
operates at its minimum displacement and refrigerant
gas circulates through the compressor. More specifically,
the refrigerant gas circulates through the crank chamber,

the bleed passage, the suction chamber, the compres-
sion chamber, the discharge chamber and the supply
passage. Almost all of the lubricating oil passed from the
crank chamber to the discharge chamber during the cir-
culation of the refrigerant gas is returned to the crank
chamber through the primary passage, the displacement
control valve and the secondary passage. Thus, major
part of the lubricating oil is present in the crank chamber,
which helps to improve the sliding characteristics of the
compressor, such as for the sliding surfaces between the
inner wall surfaces of the cylinder bores and the pistons
and the sliding surfaces between the swash plate and
the shoes.
[0007] In addition, the refrigerant gas that is dis-
charged out of the compressor to the external refrigera-
tion system contains less lubricating oil, so that high re-
frigerating capacity is performed. If an excessive amount
of lubricating oil is present in the crank chamber, howev-
er, the lubricating oil is subjected to excessive stirring by
the swash plate when the drive shaft is rotating at a high
speed. Because such lubricating oil tends to generate
heat due to shear stress, its viscosity reduces and the
sliding characteristics deteriorate, accordingly.
[0008] The present invention, which has been made
in light of the above problems, is directed to a clutchless
swash plate compressor having excellent sliding charac-
teristics.

SUMMARY OF THE INVENTION

[0009] In accordance with an aspect of the present in-
vention, there is provided a clutchless swash plate com-
pressor for compressing refrigerant gas mixed with lubri-
cating oil. The clutchless swash plate compressor is used
for an air conditioner of a vehicle. The clutchless swash
plate compressor includes a housing, a drive shaft, a
swash plate, a piston, a motion conversion mechanism,
a bleed passage, a supply passage and a displacement
control valve. The housing has therein a cylinder bore, a
suction chamber, a discharge chamber and a crank
chamber. The drive shaft is rotatably supported in the
housing and disposed in the crank chamber. The swash
plate is supported in the crank chamber by the drive shaft.
The piston is reciprocatively disposed in the cylinder
bore. The motion conversion mechanism is located be-
tween the swash plate and the piston for converting os-
cillating motion of the swash plate into the reciprocating
motion of the piston. The bleed passage interconnects
the crank chamber and the suction chamber. The supply
passage interconnects the discharge chamber and the
crank chamber. The displacement control valve is locat-
ed in the supply passage. The displacement control valve
is operable to adjust pressure in the crank chamber there-
by to vary inclination angle of the swash plate. The clutch-
less swash plate compressor is characterized in that the
supply passage includes an oil supply passage and a
refrigerant supply passage both by which the discharge
chamber communicates with the displacement control
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valve. In addition, with the compressor installed in the
vehicle, the oil supply passage is opened to the discharge
chamber at the lower part thereof and the refrigerant sup-
ply passage is opened to the discharge chamber at a
position above where the oil supply passage is opened
to the discharge chamber.
[0010] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] 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. 1 is a longitudinal sectional view showing a
clutchless swash plate compressor according to a
first embodiment of the present invention;

Fig. 2 is a front view showing the rear housing of the
clutchless swash plate compressor, wherein a small
amount of lubricating oil is reserved in a discharge
chamber of the rear housing;

Fig. 3 is a front view showing the rear housing of Fig.
2, wherein a large amount of lubricating oil is re-
served in the discharge chamber;

Fig. 4 is an enlarged view showing part of Fig. 1;

Fig. 5 is an enlarged cross sectional view showing
the bleed control valve and the drive shaft of the
clutchless swash plate compressor, wherein the
drive shaft is rotated at a low speed;

Fig. 6 is an enlarged cross sectional view showing
the bleed control valve and the drive shaft, wherein
the drive shaft is rotated at a high speed;

Fig. 7 is a longitudinal sectional view showing a
clutchless swash plate compressor according to a
second embodiment of the present invention;

Fig. 8 is a longitudinal sectional view showing a
clutchless swash plate compressor according to a
modification of the first embodiment; and

Fig. 9 is a longitudinal sectional view showing a
clutchless swash plate compressor according to an-
other modification of the first embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0012] The following will describe the clutchless swash
plate compressors according to the two embodiments of
the present invention with reference to the accompanying
drawings.
[0013] Referring to Fig. 1, the clutch less swash plate
compressor of the first embodiment is of a variable dis-
placement type for use in an air conditioner of a vehicle.
It is noted that the left-hand side and the right-hand side
of the compressor as viewed in Fig. 1 correspond to the
front and rear of the compressor, respectively. The com-
pressor includes a cylinder block 1 having therethrough
a plurality of cylinder bores 1A. A front housing 3 is dis-
posed at the front end of the cylinder block 1 and a rear
housing 5 is disposed adjacently to the rear end of the
cylinder block 1. The front housing 3, the cylinder block
1 and the rear housing 5 cooperate to form a housing of
the compressor of the present invention.
[0014] A valve unit 9 is disposed between the cylinder
block 1 and the rear housing 5. The rear housing 5 has
therein a suction chamber 11 and a discharge chamber
13 that communicate with the cylinder bores 1A via the
valve unit 9. The front housing 3 and the cylinder block
1 cooperate to form a crank chamber 15. A drive shaft 7
is rotatably supported in the front housing 3 and the cyl-
inder block 1 with the intermediate portion thereof dis-
posed in the crank chamber 15. A lug plate 23 is fixed
on the drive shaft 7 adjacently to the front end of the front
housing 3 within the crank chamber 15 for receiving com-
pression reactive force and a plain bearing 27 is provided
between the lug plate 23 and the front housing 3. A thrust
bearing 25 is also provided between the lug plate 23 and
the front housing 3. The cylinder block 1 has at the center
thereof a shaft hole 1B in which a plain bearing 19 is
provided. The drive shaft 7 is rotatably supported by the
plain bearings 27 and 19.
[0015] The front housing 3 has in the front end thereof
a shaft hole 3A in which a shaft seal 17 using a rubber
is provided for sealing between the front housing 3 and
the drive shaft 7. The front end of the drive shaft 7 is
exposed outside the front housing 3 and connected to a
pulley (not shown) having no clutch mechanism. The pul-
ley is connected to a drive source (not shown) such as
an engine through a belt (shown). Thus, during operation
of the drive source, the drive shaft 7 is constantly driven
to rotate. The cylinder block 1 has at the rear end thereof
an opening 1C that faces the valve unit 9 and communi-
cates with the shaft hole 1B. The rear end of the drive
shaft 7 is located in the opening 1C.
[0016] A swash plate 29 is supported by the drive shaft
7 behind the lug plate 23 in the crank chamber 15. The
swash plate 29 is tiltable at variable inclination angles
made between the swash plate 29 and an imaginary
plane that is perpendicular to the axis of rotation of the
drive shaft 7. The swash plate 29 has on the side thereof
adjacent to the lug plate 23 a pair of hinge portions 29A
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and the lug plate 23 has on the side thereof adjacent to
the swash plate 29 a pair of hinge portions 23A. These
hinge portions 29A and 23A form a linkage 31. A spring
33 is provided at a position on the drive shaft 7 between
the swash plate 29 and the lug plate 23 for urging the
swash plate 29 and the lug plate 23 away from each other.
[0017] A piston 21 is reciprocatively disposed in each
cylinder bore 1A and forms a compression chamber in
the cylinder bore 1A with the valve unit 9. A pair of front
and rear shoes 35 is provided between the swash plate
29 and each piston 21. The front shoe 35 is provided
between the front face of the swash plate 29 and the
seating face of the piston 21 in front of the swash plate
29, and the rear shoe 35 between the rear face of the
swash plate 29 and the seating face of the piston 21 in
the rear of the swash plate 29. Each shoe 35 has a sub-
stantially hemispherical shape. Each pair of shoes 35
converts the oscillating motion of the swash plate 29 into
the reciprocating motion of the piston 21 and serves as
a motion conversion mechanism of the present invention.
[0018] A displacement control valve 37 is disposed in
the rear housing 5. The control valve 37 communicates
with the suction chamber 11 through a sensing passage
39 and also with the discharge chamber 13 and the crank
chamber 15. The discharge chamber 13 and the crank
chamber 15 communicate with each other via a supply
passage 41. The control valve 37 senses the pressure
in the suction chamber 11 through the sensing passage
39 to change the opening of the supply passage 41, thus
varying the displacement of the compressor.
[0019] The rear housing 5 has therein a valve chamber
43 that communicates with the discharge chamber 13
via a hole 43A. A check valve 45 is provided in the valve
chamber 43 for preventing refrigerant gas from flowing
backward into the discharge chamber 13. The check
valve 45 has a valve member 47 for closing the hole 43A
and a spring 49 for urging the valve member 47 in the
direction that closes the hole 43A. The check valve 45
has an outlet port 43B that is connected to a conduit 51.
It is noted that oil separator is not shown in the drawings.
[0020] The discharge chamber 13 and the control
valve 37 communicate with each other by an oil supply
passage 41A and a refrigerant supply passage 41 B. With
the compressor installed in the vehicle, the oil supply
passage 41A is opened to the discharge chamber 13 at
the lower part thereof and the refrigerant supply passage
41 B is opened to the discharge chamber 13 at a position
above where the oil supply passage 41A is opened to
the discharge chamber 13. The refrigerant supply pas-
sage 41 B is provided by a piping or formed by drilling a
hole in the rear housing 5 or as a cast hole in the rear
housing 5. The refrigerant supply passage 41B has a
larger cross-section than the oil supply passage 41A. The
oil supply passage 41A and the refrigerant supply pas-
sage 41 B provide a primary passage 53 forming a part
of the supply passage 41. The control valve 37 and the
crank chamber 15 communicate with each other via a
secondary passage 41C forming a part of the supply pas-

sage 41.
[0021] As shown in Figs. 1 and 4, the drive shaft 7 has
therein a first axial hole 59 and a second axial hole 61
that extend axially. The first axial hole 59 communicates
in the rear thereof with the second axial hole 61. The
drive shaft 7 is coaxial with the first axial hole 59 and the
second axial hole 61. The drive shaft 7 also has therein
a first radial hole 55 and a second radial hole 57 that
extend radially. The first radial hole 55 is located forward
of the second radial hole 57. The first radial hole 55 com-
municates with the first axial hole 59 at the front end
thereof. The second radial hole 57 communicates with
the first axial hole 59 at the rear end thereof and also with
the second axial hole 61 at the front end thereof. It is
noted that a part of the second radial hole 57 and a part
of the first axial hole 59 overlap each other. The second
axial hole 61 communicates with the opening 1C. As
shown in Figs. 4 through 6, the boundary between the
second radial hole 57 and the second axial hole 61 pro-
vides a first opening 61A. The boundary between the first
axial hole 59 and the second axial hole 61 also provides
the first opening 61A.
[0022] As shown in Fig. 4, the first radial hole 55 is
located between the front housing 3 and the lug plate 23
and extends from the first axial hole 59 to the outer pe-
riphery of the drive shaft 7. The front housing 3 has an
oil guide groove 3B and an oil guide hole 3C that com-
municates with the oil guide groove 3B. The oil guide
groove 3B extends from a region in the crank chamber
15 adjacent to the inner periphery of the front housing 3
to a region in the crank chamber 15 forward of the thrust
bearing 25. The oil guide hole 3C is formed between the
oil guide groove 3B and the shaft hole 3A and faces the
plain bearing 27 and the shaft seal 17. The oil guide hole
3C communicates with the first radial hole 55 via the shaft
hole 3A. The oil guide groove 3B and the oil guide hole
3C provide an oil guide passage of the present invention.
[0023] The second radial hole 57 is located between
the lug plate 23 and the swash plate 29 and extends
through the drive shaft 7. As shown in Figs. 5 and 6, the
second radial hole 57 has a valve seat 57A, a first hole
portion 57B and a second hole portion 57C. The valve
seat 57A is formed in the second radial hole 57. The first
hole portion 57B extends from the first opening 61A to-
ward the outer periphery of the drive shaft 7 and com-
municates with the crank chamber 15. The second hole
portion 57C extends from the first opening 61A to the
outer periphery of the drive shaft 7 on the side opposite
to the first hole portion 57B and communicates with the
crank chamber 15. The first hole portion 57B and the
second hole portion 57C communicate with the first open-
ing 61A and have substantially the same diameter.
[0024] Between the first hole portion 57B and the sec-
ond hole portion 57C is provided an annular projection
57D that projects inward of the second radial hole 57.
The end of the first hole portion 57B on the side opposite
to the projection 57D provides a second opening 58A.
The second opening 58A is surrounded by the valve seat
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57A. The end of the second hole portion 57C on the side
opposite to the projection 57D provides a third opening
58B. The third opening 58B is located on the far side of
the rotational axis of the drive shaft 7 as viewed from the
hinge portion 23A of the lug plate 23, as shown in Fig. 4.
[0025] As shown in Figs. 1 and 4, a bleed control valve
60 is disposed in the second radial hole 57. As shown in
Figs. 5 and 6, the bleed control valve 60 has a valve
member 63, a weight member 65, a connecting rod 67
connecting the valve member 63 and the weight member
65, and a spring 69. The valve member 63 is located on
the side of the rotational axis of the drive shaft 7 adjacent
to the second opening 58A and disposed substantially in
the first hole portion 57B for closing or partially obstruct-
ing the second opening 58A. When the valve member
63 comes into contact with the valve seat 57A, the valve
member 63 closes the second opening 58A. The weight
member 65 is located on the side of the rotational axis
of the drive shaft 7 adjacent to the third opening 58B and
disposed in the second hole portion 57C for partially ob-
structing the first opening 61A. The spring 69 is inter-
posed between the valve member 63 and the projection
57D for urging the valve member 63 in the direction that
opens the second opening 58A.
[0026] As shown in Fig. 1, a tubular spacer 71 is pro-
vided in the opening 1C with the front end thereof fitted
on the rear end of the drive shaft 7 and the rear end
thereof in slidably contact with the valve unit 9 for urging
the drive shaft 7 forward. The valve unit 9 has there-
through a restriction hole 9A that interconnects the inter-
nal space of the spacer 71 and the suction chamber 11.
In the first embodiment, the oil guide groove 3B, the oil
guide hole 3C, the shaft hole 3A, the first radial hole 55,
a part of the second radial hole 57, the first axial hole 59,
the second axial hole 61, the internal space of the spacer
71 and the restriction hole 9A cooperate to form a bleed
passage of the present invention. The oil guide groove
3B, the oil guide hole 3C, the shaft hole 3A, the first radial
hole 55, the first axial hole 59, the second axial hole 61,
the internal space of the spacer 71 and the restriction
hole 9A cooperate to form a first passage of the present
invention. A part of the second radial hole 57, the second
axial hole 61, the internal space of the spacer 71 and the
restriction hole 9A cooperate to form a second passage
of the present invention.
[0027] The conduit 51 is connected to the suction
chamber 11 through a condenser 73, an expansion valve
75 and an evaporator 77. The compressor, the condens-
er 73, the expansion valve 75, the evaporator 77 and the
conduit 51 cooperate to form a refrigeration system. Re-
frigerant gas mixed with lubricating oil is sealed in the
refrigeration system.
[0028] In the above-described compressor, the control
valve 37 is operable to adjust the pressure in the crank
chamber 15 in accordance with the pressure in the suc-
tion chamber 11 and the flow rate of the refrigerant gas
thereby to change the inclination angle of the swash plate
29, thus varying the displacement of the compressor.

[0029] It is noted that there exist a region in the crank
chamber 15 that is rich in lubricating oil and a region poor
in lubricating oil. To be more specific, the region in the
crank chamber 15 adjacent to the inner periphery of the
front housing 3 is rich in lubricating oil and the region in
the crank chamber 15 adjacent to the drive shaft 7 is poor
because the centrifugal force due to the rotation of the
swash plate 29, the drive shaft 7 and so forth forces the
lubricating oil in the crank chamber 15 toward the inner
periphery of the front housing 3. With the compressor
installed in the vehicle, the region in the crank chamber
15 adjacent to the bottom of the compressor is rich in
lubricating oil and the region adjacent to the top of the
compressor is poor. The inner periphery of each cylinder
bore 1A is rich in lubricating oil.
[0030] According to the swash plate compressor dis-
closed by Japanese Patent Application Publication No.
10-205446, the bleed passage of this publication has only
a single passage formed by a single radial hole and a
single axial hole in the drive shaft. The radial hole is mere-
ly in communication at the outer periphery of the drive
shaft with the crank chamber. In this structure, an ade-
quate amount of lubricating oil cannot be moved from the
crank chamber to the suction chamber through the bleed
passage.
[0031] When the drive shaft 7 is rotated at a high
speed, for example, while the vehicle is running at a high
speed, the bleed control valve 60 is operated under an
increased centrifugal force, so that the weight member
65 is moved away from the axis of the drive shaft 7 against
the urging force of the spring 69 thereby to cause the
valve member 63 to move in the direction that closes the
second opening 58A. When the drive shaft 7 is rotated
at a still higher speed, the valve member 63 is in contact
with the valve seat 57A, as shown in Fig. 6.
[0032] While the valve member 63 moves in the direc-
tion that closes the second opening 58A, the weight mem-
ber 65 moves in the direction that opens the first opening
61A. Thus, the proportion of the flow rate of refrigerant
gas passing through the first passage to refrigerant gas
passing through the bleed passage increases, while the
proportion of the flow rate of refrigerant gas passing
through the second passage to refrigerant gas passing
through the bleed passage decreases. That is, the in-
crease in the proportion of the flow rate of refrigerant gas
passing through the first passage and the decrease in
the proportion of the flow rate of refrigerant gas passing
through the second passage are achieved by use of a
single bleed control valve 60.
[0033] The region in the crank chamber 15 adjacent
to the inner periphery of the front housing 3 is rich in
lubricating oil, from which the refrigerant gas containing
a large amount of lubricating oil is easily flowed into the
first radial hole 55 through the oil guide groove 3B and
the oil guide hole 3C. The lubricating oil thus flowing to-
ward the first radial hole 55 passes through the shaft seal
17, to which a large amount of lubricating oil is supplied,
so that the durability of the rubber of the shaft seal 17 is
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enhanced.
[0034] The increase in the proportion of the flow rate
of refrigerant gas passing through the first passage caus-
es the refrigerant gas containing a large amount of lubri-
cating oil in the crank chamber 15 to be delivered in large
quantities to the suction chamber 11 through the first pas-
sage. The amount of lubricating oil in the crank chamber
15 is thus adjusted appropriately and, therefore, exces-
sive stirring of the lubricating oil by the swash plate 29
does not occur. Heating of the lubricating oil due to shear
stress is reduced and decreasing of the viscosity of the
lubricating oil is reduced, accordingly. Thus, the sliding
surfaces between the swash plate 29 and the shoes 35
are appropriately lubricated. In addition, refrigerant gas
drawn from the suction chamber 11 to the cylinder bore
1A contains a large amount of lubricating oil, so that the
sliding surfaces between the inner wall surfaces of the
cylinder bores 1A and the pistons 21 are also lubricated
adequately. Thus, the compressor offers excellent dura-
bility during the high-speed operation of the compressor.
[0035] Although the amount of lubricating oil contained
in the refrigerant gas discharged out of the compressor
to the external refrigeration system increases during the
high-speed operation of the compressor, the refrigeration
system does not have any problem of refrigerating ca-
pacity because the pistons 21 then reciprocate at a high
speed.
[0036] When the drive shaft 7 is rotated at a low speed,
for example, while the vehicle is running at a low speed,
the bleed control valve 60 is operated under a decreased
centrifugal force, so that the weight member 65 is moved
toward the axis of the drive shaft 7 due to the urging force
of the spring 69 thereby to cause the valve member 63
to move in the direction that opens the second opening
58A. When the drive shaft 7 is rotated at a still lower
speed, the weight member 65 is in contact with the pro-
jection 57D thereby to close half the first opening 61A,
as shown in Fig. 5.
[0037] While the valve member 63 moves in the direc-
tion that opens the second opening 58A, the weight mem-
ber 65 moves in the direction that closes the first opening
61A. Thus, the proportion of the flow rate of refrigerant
gas passing through the first passage to refrigerant gas
passing through the bleed passage decreases, while the
proportion of the flow rate of refrigerant gas passing
through the second passage to refrigerant gas passing
through the bleed passage increases. That is, the de-
crease in the proportion of the flow rate of refrigerant gas
passing through the first passage and the increase in the
proportion of the flow rate of refrigerant gas passing
through the second passage are achieved by use of a
single bleed control valve 60.
[0038] The region in the crank chamber 15 adjacent
to the drive shaft 7 is poor in lubricating oil, from which
refrigerant gas having less amount of lubricating oil is
flowed to the second radial hole 57.
[0039] The increase in the proportion of the flow rate
of refrigerant gas passing through the second passage

causes the refrigerant gas containing a small amount of
lubricating oil in the crank chamber 15 to be delivered in
small quantities to the suction chamber 11 through the
second passage. Therefore, the amount of lubricating oil
contained in the refrigerant gas discharged out of the
compressor to the external refrigeration system is de-
creased during the low-speed operation of the compres-
sor, so that the refrigeration system offers high refriger-
ating capacity.
[0040] Although the amount of lubricating oil in the
crank chamber 15 is increased during the low-speed op-
eration of the compressor, the lubricating oil is merely
stirred by the swash plate 29 rotating at a low speed.
Heating of the lubricating oil due to shear stress hardly
occurs and the viscosity of lubricating oil is hardly de-
creased, accordingly. Therefore, the sliding surfaces be-
tween the swash plate 29 and the shoes 35 and also
between the inner wall surfaces of the cylinder bores 1A
and the pistons 21 can be lubricated properly.
[0041] In operation of the compressor, the control
valve 37 adjusts the pressure in the crank chamber 15
for varying the displacement of the compressor. The first
hole portion 57B and the second hole portion 57C have
substantially the same diameter, and the valve member
63 is disposed substantially in the first hole portion 57B
and the weight member 65 is disposed in the second hole
portion 57C. Therefore, force acting on the valve member
63 and force acting on the weight member 65 are sub-
stantially the same, so that the valve member 63 is op-
erated stably. This arrangement of the valve member 63
works effectively particularly for the variable displace-
ment type swash plate compressor. In addition, because
the valve member 63 is disposed substantially in the first
hole portion 57B and the weight member 65 is disposed
in the second hole portion 57C, the bleed control valve
60 may be arranged substantially within the drive shaft
7 without extending into the crank chamber 15. Further,
the weight member 65 serves to partially obstruct the first
opening 61A, thus requiring no valve for the adjustment,
with the result that the compressor can be made simple
in structure.
[0042] In the above-described compressor, the third
opening 58B is located on the far side of the rotational
axis of the drive shaft 7 as viewed from the hinge portion
23A of the lug plate 23. By so constructing, the valve
member 63 can be moved with high accuracy under a
centrifugal force, so that flowing of the refrigerant gas
into the second passage through the second opening
58A is not prevented in any position of the center of grav-
ity of the lug plate 23.
[0043] As shown in Fig. 1, the check valve 45 is located
downstream of the discharge chamber 13 with respect
to the flowing of refrigerant gas in the compressor. There-
fore, refrigerant gas containing lubricating oil is not de-
livered out of the compressor to the external refrigeration
system when the compressor is operating at its minimum
displacement. In addition, refrigerant gas containing lu-
bricating oil in the external refrigeration system does not
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flow backward into the discharge chamber 13. More spe-
cifically, the refrigerant gas circulates through the crank
chamber 15, the bleed passage, the suction chamber 11,
the compression chamber, the discharge chamber 13
and the supply passage 41 during the operation of the
compressor under its minimum displacement. Thus, lu-
bricating oil also circulates through the crank chamber
15, the bleed passage, the suction chamber 11, the com-
pression chamber, the discharge chamber 13 and the
supply passage 41.
[0044] When only a small amount of lubricating oil is
reserved in the discharge chamber 13, as shown in Fig.
2, the lubricating oil in the discharge chamber 13 is de-
livered to the displacement control valve 37 through the
oil supply passage 41A that is opened to the discharge
chamber 13 at the lower part thereof. At the same time,
refrigerant gas containing less lubricating oil is delivered
to the displacement control valve 37 through the refrig-
erant supply passage 41 B that is opened at a position
above the oil supply passage 41A to the discharge cham-
ber 13.
[0045] When a large amount of lubricating oil is re-
served in the discharge chamber 13, as shown in Fig. 3,
a part of the lubricating oil in the discharge chamber 13
is delivered to the displacement control valve 37 through
the oil supply passage 41A and the refrigerant supply
passage 41 B.
[0046] The lubricating oil and the refrigerant gas that
have been flowed to the displacement control valve 37
are then delivered to the crank chamber 15 through the
secondary passage 41C. Thus, a part of the lubricating
oil remains in the discharge chamber 13 and a necessary
amount of lubricating oil moves into the crank chamber
15 to keep an appropriate amount of lubricating oil in the
crank chamber 15. Because the refrigerant supply pas-
sage 41 B of the present embodiment has a larger cross-
section than the oil supply passage 41A, a certain amount
of lubricating oil is reserved in the discharge chamber
13. Thus, an appropriate amount of lubricating oil is kept
in the crank chamber 15.
[0047] When the drive shaft 7 is rotating at a high
speed, therefore, excessive stirring of lubricating oil by
the swash plate 29 does not occur. Heating of the lubri-
cating oil due to shear stress is reduced and deterioration
of the viscosity of lubricating oil is prevented, accordingly.
Thus, the sliding surfaces between the swash plate 29
and the shoes 35 are lubricated successfully.
[0048] The above-described compressor offers excel-
lent sliding characteristics during high-speed rotation of
the drive shaft 7. In addition, the compressor offers high
refrigerating capacity during low-speed rotation of the
drive shaft 7.
[0049] Referring to Fig. 7, the clutchless swash plate
compressor of the second embodiment differs from that
of the first embodiment in that the drive shaft 7 has therein
a third axial hole 70 and the first radial hole 55, dispensing
with the first axial hole 59, the second axial hole 61 and
the second radial hole 57 of the first embodiment. The

third axial hole 70 is coaxial with the drive shaft 7, and
communicates with the first radial hole 55 and the open-
ing 1C. In the second embodiment, the oil guide groove
3B, the oil guide hole 3C, the shaft hole 3A, the first radial
hole 55, the third axial hole 70, the internal space of the
spacer 71 and the restriction hole 9A cooperate to form
the bleed passage of the present invention, and serves
as the first passage of the present invention. The rest of
the structure of the compressor of the second embodi-
ment is substantially the same as that of the compressor
of the first embodiment.
[0050] In the compressor of the second embodiment,
the bleed passage is formed only by the first passage
that communicates with the region in the crank chamber
15 rich in lubricating oil. Because the compressor of the
second embodiment has neither the second passage that
communicates with the region in the crank chamber 15
poor in lubricating oil nor the bleed control valve for var-
ying the openings of the first passage and the second
passage, the structure of the compressor is simplified.
The other operations and effects of the second embod-
iment are substantially the same as those of the first em-
bodiment.
[0051] The present invention is described in the con-
text of the above-described first and second embodi-
ments, but it is not limited to the two embodiments. It is
obvious that the invention may be practiced in various
manners as exemplified below.
[0052] In the first embodiment, it is only necessary for
the bleed passage to interconnect the crank chamber 15
and the suction chamber 11. The bleed passage may
directly interconnect the crank chamber 15 and the suc-
tion chamber 11. Alternatively, it may be so arranged that
the bleed passage indirectly interconnects the crank
chamber 15 and the suction chamber 11 via a suction
passage that communicates with the suction chamber
11. In addition, it is only necessary for the bleed passage
to have the first passage and the second passage, though
the bleed passage may have any other passage.
[0053] In the first embodiment, it may be so arranged
that the first passage communicates with any region rich
in lubricating oil and the second passage communicates
with any region poor in lubricating oil. Whether a region
is rich or poor in lubricating oil is determined by relative
comparison.
[0054] In the first embodiment, any valve movable de-
pending on the rotational speed of the drive shaft of the
compressor may be used as the bleed control valve 60.
A solenoid-operated valve whose valve member is mov-
able in response to electrical signals transmitted from a
speed sensor detecting the rotational speed of the drive
shaft or from an acceleration sensor detecting the cen-
trifugal force may be used as the bleed control valve 60.
A mechanical valve may be employed which has a weight
member movable under the centrifugal force to operate
its valve member.
[0055] In the first embodiment, a plurality of bleed con-
trol valves may be used as long as the proportions of the
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flow rates of refrigerant gas passing through the first pas-
sage and the second passage to the flow rate of refrig-
erant gas passing through the bleed passage are varia-
ble.
[0056] As shown in Fig. 8, it is preferable to provide,
for example, a bypass conduit 79 for connection between
the discharge chamber 13 and the conduit 51 so as to
bypass the check valve 45 and a bypass valve 81 dis-
posed in the bypass conduit 79.
[0057] By so constructing, when the drive shaft 7 of
the compressor is rotating at a high speed with the air
conditioner of the vehicle turned off and the temperature
of the discharge chamber 13 is increased to a preset
temperature, the bypass valve 81 is opened. Therefore,
the lubricating oil flowed from the crank chamber 15 into
the discharge chamber 13 through the suction chamber
11 and the compression chamber is delivered out of the
compressor to the external refrigeration system without
flowing through the check valve 45. Thus, the tempera-
ture rise in the crank chamber 15 during high-speed op-
eration of the compressor is further prevented. In a com-
pressor in which a sufficient space is not secured for the
discharge chamber 13 due to the structure of the com-
pressor, the amount of lubricating oil returned from the
discharge chamber 13 to the crank chamber 15 can be
reduced and the temperature rise in the crank chamber
15 can be prevented, accordingly. The bypass valve 81
may be of any type such as a bimetal type, a wax type,
an electromagnetic type and the like.
[0058] It is also preferable to employ an electromag-
netically-operated valve as the displacement control
valve 37. The control valve 37 has a solenoid that is ex-
cited by an external signal and decreases the opening
of the supply passage 41 thereby to increase the dis-
placement of the compressor. The solenoid may be ex-
cited to increase the displacement of the compressor
thereby to open the check valve 45 when the temperature
detected by a temperature sensor exceeds a critical val-
ue. The temperature sensor may be provided within the
compressor, for example, in the crank chamber 15 or
outside the compressor.
[0059] By so controlling, the lubricating oil flowed from
the crank chamber 15 to the suction chamber 11 during
high-speed operation of the compressor is delivered to
the external refrigeration system through the compres-
sion chamber, the discharge chamber 13 and the check
valve 45. Meanwhile, refrigerant gas is returned from the
external refrigerant system to the compressor, so that
the temperature rise in the crank chamber 15 during high-
speed operation of the compressor with the air condition-
er of the vehicle turned off is further prevented. In a com-
pressor in which a sufficient space is not secured for the
discharge chamber 13 due to the structure of the com-
pressor, the amount of lubricating oil returned from the
discharge chamber 13 to the crank chamber 15 through
the refrigerant supply passage 41B is reduced, which
helps to prevent the temperature rise in the crank cham-
ber 15.

[0060] It is also preferable to provide a circlip 83 fixedly
mounted on the drive shaft 7 and a shim 85 provided
between the swash plate 29 and the circlip 83 for restrict-
ing the minimum inclination angle of the swash plate 29,
as shown in Fig. 9. The circlip 83 has a flat and annular
shape. The shim 85 is made of a shape memory alloy so
that the shim 85 having normally a flat and annular shape
during normal operation of the compressor has its axial
length increased, for example, by being deformed into a
funnel shape, when the temperature in the crank cham-
ber 15 rises to a preset temperature.
[0061] By so constructing, when the temperature in the
crank chamber 15 is increased to the preset temperature
during high-speed operation of the compressor with the
air conditioner of the vehicle turned off, the shim 85
changes its shape so as to urge the swash plate 29 whose
inclination angle is then minimum, thereby increasing the
inclination angle of the swash plate 29. Consequently,
the displacement of the compressor is increased to open
the check valve 45. Therefore, the lubricating oil flowed
from the crank chamber 15 to the suction chamber 11
during high-speed operation of the compressor is deliv-
ered to the external refrigeration system through the com-
pression chamber, the discharge chamber 13 and the
check valve 45. Meanwhile, refrigerant gas is returned
from the external refrigeration system to the compressor
during the high-speed operation of the compressor with
the air conditioner of the vehicle turned off, so that the
temperature rise in the crank chamber 15 due to the cir-
culation of lubricating oil in the compressor through the
refrigerant supply passage 41 B is further prevented. In
a compressor in which a sufficient space is not secured
for the discharge chamber 13 due to the structure of the
compressor, the amount of lubricating oil returned from
the discharge chamber 13 to the crank chamber 15
through the refrigerant supply passage 41 B is reduced,
which helps to prevent the temperature rise in the crank
chamber 15. The shim 85 may be of a bimetal type.
[0062] In the compressor of the first embodiment, the
plain bearings 27, 19 may be substituted with radial roller
bearings, so that the spaces between the rollers of the
bearings serve as part of the bleed passage. In this case,
the proportions of the flow rates of refrigerant gas passing
through the first passage and the second passage to the
flow rate of refrigerant gas passing through the bleed
passage may be changed as required. The linkage 31 is
not limited to the form as described in the above-de-
scribed embodiments, but may be modified in various
manners. Instead of the spacer 71 at the rear end of the
drive shaft 7, a thrust bearing or a spring may be em-
ployed.
[0063] Therefore, the present examples and embodi-
ments are to be considered as illustrative and not restric-
tive, and the invention is not to be limited to the details
given herein but may be modified within the scope of the
appended claims.
[0064] A clutch less swash plate compressor com-
pressing refrigerant gas mixed with lubricating oil is used
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for an air conditioner of a vehicle. The clutchless swash
plate compressor includes a bleed passage, a supply
passage and a displacement control valve. The supply
passage includes an oil supply passage and a refrigerant
supply passage both by which the discharge chamber
communicates with the displacement control valve. With
the compressor installed in the vehicle, the oil supply
passage is opened to the discharge chamber at the lower
part thereof and the refrigerant supply passage is opened
to the discharge chamber at a position above where the
oil supply passage is opened to the discharge chamber.

Claims

1. A clutchless swash plate compressor for compress-
ing refrigerant gas mixed with lubricating oil, wherein
the clutchless swash plate compressor is used for
an air conditioner of a vehicle, comprising:

a housing (1, 3, 5) having therein a cylinder bore
(1A), a suction chamber (11), a discharge cham-
ber (13) and a crank chamber (15);
a drive shaft (7) rotatably supported in the hous-
ing (1, 3, 5) and disposed in the crank chamber
(15);
a swash plate (29) supported in the crank cham-
ber (15) by the drive shaft (7);
a piston (21) reciprocatively disposed in the cyl-
inder bore (1A);
a motion conversion mechanism (35) located
between the swash plate (29) and the piston (21)
for converting oscillating motion of the swash
plate (29) into the reciprocating motion of the
piston (21);
a bleed passage (3A, 3B, 3C, 9A, 55, 57, 59,
61, 70, 71) interconnecting the crank chamber
(15) and the suction chamber (11);
a supply passage (41) interconnecting the dis-
charge chamber (13) and the crank chamber
(15); and
a displacement control valve (37) located in the
supply passage (41), wherein the displacement
control valve (37) is operable to adjust pressure
in the crank chamber (15) thereby to vary incli-
nation angle of the swash plate (29);

characterized in that
the supply passage (41) includes an oil supply pas-
sage (41A) and a refrigerant supply passage (41B)
both by which the discharge chamber (13) commu-
nicates with the displacement control valve (37),
wherein with the compressor installed in the vehicle,
the oil supply passage (41A) is opened to the dis-
charge chamber (13) at the lower part thereof and
the refrigerant supply passage (41 B) is opened to
the discharge chamber (13) at a position above
where the oil supply passage (41A) is opened to the

discharge chamber (13).

2. The clutchless swash plate compressor according
to claim 1, characterized in that the refrigerant sup-
ply passage (41 B) has a larger cross-section than
the oil supply passage (41A).

3. The clutchless swash plate compressor according
to claim 2, characterized in that a check valve (45)
is located downstream of the discharge chamber
(13) for preventing the refrigerant gas from flowing
backward into the discharge chamber (13).

4. The clutchless swash plate compressor according
to claim 3, characterized in that the bleed passage
(3A, 3B, 3C, 9A, 55, 57, 59, 61, 70, 71) has a first
passage (3A, 3B, 3C, 9A, 55, 59, 61, 71) and a sec-
ond passage (9A, 57, 61, 71), wherein the first pas-
sage (3A, 3B, 3C, 9A, 55, 59, 61, 71) communicates
with a region in the crank chamber (15) that is rich
in the lubricating oil, wherein the second passage
(9A, 57, 61. 71) communicates with a region in the
crank chamber (15) that is poor in the lubricating oil,
wherein a bleed control valve (60) is provided in the
bleed passage (3A, 3B, 3C, 9A, 55, 57, 59, 61, 71),
wherein proportion of flow rate of the refrigerant gas
passing through the first passage (3A, 3B, 3C, 9A,
55, 59, 61, 71) to the refrigerant gas passing through
the bleed passage (3A, 3B, 3C, 9A, 55, 57, 59, 61,
71) is increased in accordance with increase of ro-
tational speed of the drive shaft (7), wherein propor-
tion of flow rate of the refrigerant gas passing through
the second passage (9A, 57, 61, 71) to the refrigerant
gas passing through the bleed passage (3A, 3B, 3C,
9A, 55, 57, 59, 61, 71) is increased in accordance
with decrease of rotational speed of the drive shaft
(7).

5. The clutchless swash plate compressor according
to claim 4, characterized in that the bleed control
valve (60) is provided in the second passage (9A,
57,61, 71) so as to operate with a centrifugal force.

6. The clutchless swash plate compressor according
to claim 5, characterized in that the drive shaft (7)
has therein a first radial hole (55) and a second radial
hole (57) that extend radially, wherein the first radial
hole (55) forms a part of the first passage (3A, 3B,
3C, 9A, 55, 59, 61, 71) and at least a part of the
second radial hole (57) forms a part of the second
passage (9A, 57, 61, 71), wherein the drive shaft (7)
also has therein a first axial hole (59) and a second
axial hole (61) that extend axially, wherein the first
axial hole (59) interconnects the first radial hole (55)
and the second radial hole (57) and communicates
with the suction chamber (11) via the second axial
hole (61), wherein the first axial hole (59) forms a
part of the first passage (3A, 3B, 3C, 9A, 55, 59, 61,
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71) and the second axial hole (61) forms a part of
the first passage (3A, 3B, 3C, 9A, 55, 59, 61, 71) and
a part of the second passage (9A, 57, 61, 71), where-
in the bleed passage (3A, 3B, 3C, 9A, 55, 57, 59,
61, 71) includes the first radial hole (55), at least the
part of the second radial hole (57), the first axial hole
(59) and the second axial hole (61).

7. The clutchless swash plate compressor according
to claim 6, characterized in that the second radial
hole (57) extends through the drive shaft (7), wherein
the second radial hole (57) has a first opening (61A),
a second opening (58A) and a third opening (58B),
wherein the first opening (61A) communicates with
the second axial hole (61), wherein the second open-
ing (58A) communicates with the first opening (61A)
and is opened at one end of the second radial hole
(57), wherein the third opening (58B) communicates
with the first opening (61A) and is opened at the other
end of the second radial hole (57), wherein the bleed
control valve (60) has a valve member (63), a weight
member (65), a connecting rod (67) connecting the
valve member (63) and the weight member (65), and
a spring (69), wherein the valve member (63) is lo-
cated on the side of an axis of the drive shaft (7)
adjacent to the second opening (58A) and contacta-
ble with a periphery of the second opening (58A),
wherein the weight member (65) is located on the
side of the axis of the drive shaft (7) adjacent to the
third opening (58B), wherein the spring (69) urges
the valve member (63) in a direction that opens the
second opening (58A).

8. The clutchless swash plate compressor according
to claim 7, characterized in that the second radial
hole (57) has a valve seat (57A) with which the valve
member (63) is contactable, a first hole portion (57B)
and a second hole portion (57C), wherein the first
hole portion (57B) extends from the first opening
(61A) toward an outer periphery of the drive shaft (7)
and communicates at the second opening (58A) with
the crank chamber (15), wherein the second hole
portion (57C) extends from the first opening (61A)
to an outer periphery of the drive shaft (7) on the side
opposite to the first hole portion (57B) and commu-
nicates at the third opening (58B) with the crank
chamber (15), wherein the first hole portion (57B)
and the second hole portion (57C) have substantially
the same diameter, wherein the valve member (63)
is disposed substantially in the first hole portion (57B)
and the weight member (65) is disposed in the sec-
ond hole portion (57C).

9. The clutchless swash plate compressor according
to claim 7 or 8, characterized in that a lug plate
(23) is fixed on the drive shaft (7) for receiving com-
pression reactive force, wherein the lug plate (23)
has a hinge portion (23A) for supporting the swash

plate (29) so as to allow oscillating motion of the
swash plate (29), wherein the third opening (58B) is
located on the far side of the axis of the drive shaft
(7) as viewed from the hinge portion (23A) of the lug
plate (23).

10. The clutchless swash plate compressor according
to claim 9, characterized in that the housing (1, 3,
5) has an oil guide passage (3B, 3C) that extends
from a region in the crank chamber (15) adjacent to
an inner periphery of the housing (1, 3, 5) to a region
in the crank chamber (15) between the housing (1,
3, 5) and the lug plate (23), wherein the first radial
hole (55) is in communication with the oil guide pas-
sage (3B, 3C).

11. The clutchless swash plate compressor according
to claim 10, characterized in that a shaft seal (17)
is provided between the housing (1, 3, 5) and the
drive shaft (7) for sealing between the housing (1, 3,
5) and the drive shaft (7), wherein the first radial hole
(55) is in communication with the oil guide passage
(3B, 3C) via the shaft seal (17).

12. The clutchless swash plate compressor according
to claim 3, characterized in that the bleed passage
(3A, 3B, 3C, 9A, 55, 57, 59, 61, 70, 71) is formed
only by a first passage (3A, 3B, 3C, 9A, 55, 70, 71)
that communicates with a region in the crank cham-
ber (15) rich in lubricating oil.

13. The clutchless swash plate compressor according
to claim 12, characterized in that a lug plate (23)
is fixed on the drive shaft (7) for receiving compres-
sion reactive force, wherein the housing (1, 3, 5) has
an oil guide passage (3B, 3C) that extends from a
region in the crank chamber (15) adjacent to an inner
periphery of the housing (1, 3, 5) to a region in the
crank chamber (15) between the housing (1, 3, 5)
and the lug plate (23), wherein the first passage (3A,
3B, 3C, 9A, 55, 70, 71) includes the oil guide passage
(3B, 3C).

14. The clutchless swash plate compressor according
to claim 13, characterized in that a shaft seal (17)
is provided between the housing (1, 3, 5) and the
drive shaft (7) for sealing between the housing (1, 3,
5) and the drive shaft (7), wherein the first passage
(3A, 3B, 3C, 9A, 55, 70, 71) is formed so as to pass
through the shaft seal (17).
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