EP 1 283 360 A2

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(43) Date of publication:
12.02.2003 Bulletin 2003/07

(21) Application number: 02017854.7

(22) Date of filing: 08.08.2002

(11) EP 1 283 360 A2

EUROPEAN PATENT APPLICATION

(51) Intcl.”. FO4B 27/10

(84) Designated Contracting States:
AT BEBG CHCY CZDE DKEE ES FIFR GB GR
IEITLILU MC NL PT SE SKTR
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 10.08.2001 JP 2001244759

(71) Applicant: Kabushiki Kaisha Toyota Jidoshokki
Kariya-shi, Aichi-ken (JP)

(72) Inventors:
* Yokomachi, Naoya, K. Kaisha Toyota Jidoshokki
Kariya-shi, Aichi-ken (JP)

¢ Koide, Tatsuya, K. Kaisha Toyota Jidoshokki
Kariya-shi, Aichi-ken (JP)

* Imai, Takayuki, K. Kaisha Toyota Jidoshokki
Kariya-shi, Aichi-ken (JP)

¢ Murase, Masakazu, K. Kaisha Toyota Jidoshokki
Kariya-shi, Aichi-ken (JP)

(74) Representative:
Leson, Thomas Johannes Alois, Dipl.-Ing.
Tiedtke-Biihling-Kinne & Partner GbR,
TBK-Patent,
Bavariaring 4
80336 Miinchen (DE)

(54)

(57) A variable displacement piston type compres-
sor has a housing, a drive shaft, a cam plate and a pis-
ton. The drive shaft is rotatably supported by the hous-
ing. The drive shaft has a first end and a second end.
The first end of the drive shaft extends through the hous-
ing. The cylinder block is placed between the first end
and the second end. The suction chamber and the dis-
charge chamber are defined near the first end relative

Structure of channel in variable displacement piston type compressor

to the cylinder block. The crank chamber is defined near
the second end relative to the cylinder block. The refrig-
erant in the crank chamber is bled into the suction pres-
sure region through a bleed passage. Thereby, the in-
clination angle of the cam plate is controlled. The crank
chamber and the suction chamber are connected with
each other through the bleed passage. The bleed pas-
sage is formed outside of the drive shaft.

FIG. 1A
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a structure of
a channel in a variable displacement piston type com-
pressor.

[0002] Japanese Unexamined Patent Publication No.
10-61548 discloses a variable displacement piston type
compressor. In the constitution, a drive shaft is rotatably
supported in a front housing and a cylinder block by a
radial bearing. Compression reactive force is generated
due to the discharge work of a piston. The compression
reactive force is received by the front housing at its end
wall through the piston, a pair of shoes, a swash plate,
a lug plate and a thrust bearing. When the inclination
angle of the swash plate is relatively small, the compres-
sion reactive force is relatively small. However, the pres-
sure in a crank chamber urges the drive shaft in the di-
rection from the rear side to the front side. Therefore,
even when the inclination angle of the swash plate is
relatively small, the load acting to the thrust bearing is
relatively large.

[0003] To improve the durability of the thrust bearing,
the thrust bearing requires lubricating. In the prior art,
the crank chamber and a suction chamber are connect-
ed with each other by an axial passage formed in the
drive shaft. Refrigerant in the crank chamber flows into
the suction chamber through the axial passage. At this
time, lubricant oil that flows with the refrigerant lubri-
cates the thrust bearing.

[0004] Inthe above constitution that an axial passage
is formed in the drive shaft, however, the diameter of the
drive shaft is increased. Thereby, the size of the com-
pressor is increased. In addition, a cost for machining
the drive shaft is increased. Thereby, a cost for manu-
facturing the compressor is increased.

SUMMARY OF THE INVENTION

[0005] The present invention addresses a variable
displacement piston type compressor that improves the
reliability of a portion requiring lubrication in a crank
chamber without increasing the size of the compressor.
[0006] According tothe presentinvention, the present
invention has following features. A variable displace-
ment piston type compressor has a housing, a drive
shaft, a cam plate and a piston. The housing has a cyl-
inder block including a plurality of cylinder bores. The
housing defines a crank chamber, a suction pressure
region and a discharge pressure region. The suction
pressure region includes a suction chamber. The dis-
charge pressure region includes a discharge chamber.
The drive shaft is rotatably supported by the housing.
The drive shaft has a first end and a second end. The
first end of the drive shaft extends through the housing.
The cylinder block is placed between the first end and
the second end. The suction chamber and the discharge
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chamber are defined near the first end relative to the
cylinder block. The crank chamber is defined near the
second end relative to the cylinder block. The cam plate
is inclinably supported by the drive shaft in the crank
chamber. The cam plate is integrally rotated with the
drive shaft. The piston is accommodated in each cylin-
der bore. The rotation of the cam plate is converted into
the reciprocating movement of the piston in accordance
with the inclination angle of the cam plate. Refrigerant
in the suction chamber is drawn into the cylinder bores
due to the suction work of the piston. The refrigerant in
the cylinder bores is discharged into the discharge
chamber due to the discharge work of the piston. Re-
frigerant in the discharge pressure region is supplied in-
to the crank chamber and the refrigerant in the crank
chamber is bled into the suction pressure region through
a bleed passage for controlling pressure in the crank
chamber. Thereby, the inclination angle of the cam plate
is controlled. The crank chamber and the suction cham-
ber are connected with each other through the bleed
passage. The bleed passage is formed outside of the
drive shaft.

[0007] Furthermore, the present invention has follow-
ing features. A variable displacement piston type com-
pressor has a cylinder block, a piston, a cam plate, a
crank chamber, a drive shaft, a suction chamber and a
discharge chamber. The cylinder block includes a plu-
rality of cylinder bores. The piston functions so as to
compress refrigerant in each cylinder bore. The cam
plate is movably connected to the piston for reciprocat-
ing the piston. The crank chamber is defined near one
end of the cylinder block. The drive shaft has a rotational
axis for rotating to drive the cam plate. The drive shaft
is urged in a direction of the rotational axis while the pis-
ton reciprocates. The suction chamber is defined near
the opposite end to the crank chamber relative to the
cylinder block. The refrigerant in the suction chamber is
drawn into the cylinder bores due to the suction work of
the piston. The discharge chamber is defined near the
opposite end to the crank chamber relative to the cylin-
der block. The refrigerant in each cylinder bore is dis-
charged to the discharge chamber due to the discharge
work of the piston. The refrigerant in the discharge
chamber is supplied into the crank chamber and the re-
frigerant in the crank chamber is bled into the suction
chamber through a bleed passage for controlling pres-
sure in the crank chamber. The bleed passage is formed
outside of the drive shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The features of the present invention that are
believed to be novel are set forth with particularity in the
appended claims. The invention together with objects
and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:
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FIG. 1A is a cross-sectional view of a variable dis-
placement piston type compressor according to a
first preferred embodiment of the present invention;

FIG. 1B is a partially enlarged view of the variable
displacement piston type compressor of FIG. 1A;

FIG. 2 is a cross-sectional view of the variable dis-
placement piston type compressor as seen at line
I-l'in FIG. 1A;

FIG. 3 is a cross-sectional view of the variable dis-
placement piston type compressor as seen at line
[I-1l'in FIG. 1A;

FIG. 4 is a cross-sectional view of the variable dis-
placement piston type compressor as seen at line
HI-1Fin FIG. 1A;

FIG. 5 is a cross-sectional view of the variable dis-
placement piston type compressor as seen at line
IV-IV in FIG. 1A;

FIG. 6 is a partially enlarged view of a variable dis-
placement piston type compressor according to a
second preferred embodiment of the present inven-
tion; and

FIG. 7 is a partially enlarged view of a variable dis-
placement piston type compressor according to a
third preferred embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0009] A first preferred embodiment according to the
presentinvention in a variable displacement piston type
compressor will now be described with reference to
FIGs. 1A through 5. Referring particularly to FIG. 1A,
the left side and the right side of the drawing respectively
correspond to the front side and the rear side of the com-
pressor.

[0010] As shownin FIG. 1A, a front housing 11 and a
rear housing 12 constitute a compressor housing 10. An
end surface of a circumferential wall 34 of the front hous-
ing 11 and an end surface of a circumferential wall 35
of the rear housing 12 are secured to each other through
a gasket 36. The front housing 11 and the rear housing
12 are fixed to each other by a plurality of bolts 37.
[0011] Still referring to FIG. 1A, a valve port plate 20,
a suction valve plate 21, a discharge valve plate 22 and
a retainer plate 23 are fitted in the front housing 11. A
suction chamber 111 and a discharge chamber 112 are
defined between the valve port plate 20 and an end wall
32 of the front housing 11. As shown in FIG. 4, the suc-
tion chamber 111 is separated from the discharge cham-
ber 112 by a separation wall 33 and is surrounded by
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the discharge chamber 112. The reference numerals in
FIG. 4 are applied to substantially the same components
in FIG. 1A, and the corresponding description will be
provided later with respect to FIG. 1A if it has not yet
been provided. If the description has been previously
given, it will not be reiterated.

[0012] Referring back to FIG. 1A, a cylinder block 19
is fitted in the front housing 11 so as to secure the suction
valve plate 21. The end wall 32 of the front housing 11
is screwed by a plurality of screws 38 through the cylin-
der block 19. Thereby, the cylinder block 19 is fixed to
the front housing 11. The cylinder block 19 has a plurality
of cylinder bores 191. Although only one cylinder bore
191isshownin FIG. 1A, five cylinder bores are arranged
around the drive shaft 13 in the present embodiment as
shownin FIGs. 2 and 3. The reference numeralsin FIGs.
2 and 3 are applied to substantially the same compo-
nents in FIG. 1A, and the corresponding description will
be provided later with respect to FIG. 1A if it has not yet
been provided. If the description has been previously
given, it will not be reiterated.

[0013] Referring back to FIG. 1A, the rear housing 12
and the cylinder block 19 define a crank chamber 121.
Adrive shaft 13 is rotatably supported by radial bearings
40 and 41 respectively in the rear housing 12 and the
cylinder block 19. In a shaft hole 24 of the cylinder block
19 a pair of accommodation chambers 241 and 242 is
defined at the front and rear sides of a flange 192 of the
cylinder block 19. The radial bearing 41 is accommodat-
ed in the accommodation chamber 241. The drive shaft
13 extends outside of the compressor housing 10
through the shaft hole 24 of the cylinder block 19 and a
shaft hole 113 of the front housing 11. A front end of the
drive shaft 13 connects with an external drive source
such as a vehicle engine through a power transmission
mechanism (not shown). Thereby, the drive shaft 13 is
driven by the external drive source. A shaft seal 39 is
placed in the shaft hole 113 so as to prevent the refrig-
erantin the suction chamber 111 from leaking to the out-
side of the compressor housing 10 along the circumfer-
ential surface 113 of the drive shaft 13.

[0014] Still referring to FIG. 1A, a lug plate 14 is se-
cured to the drive shaft 13. A swash plate 15 is support-
ed by the drive shaft 13 so as to slide along a rotational
axis of the drive shaft 13 and is inclinable with respect
to the axis of the drive shaft 13. As shown in FIG. 5, a
pair of guide pins 16 is secured to the swash plate 15.
The reference numerals in FIG. 5 are applied to sub-
stantially the same components in FIG. 1A, and the cor-
responding description will be provided later with re-
spect to FIG. 1A if it has not yet been provided. If the
description has been previously given, it will not be re-
iterated. The guide pins 16 are respectively slidably fit-
ted into a pair of guide holes 141 formed in the lug plate
14. The cooperation of the guide holes 141 and the
guide pins 16 allow the swash plate 15 to incline with
respect to the axis of the drive shaft 13 and to rotate
integrally with the drive shaft 13. The inclination of the
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swash plate 15 is guided by the slidable movement of
the guide pins 16 in the corresponding guide holes 141
under the condition that the swash plate 15 is slidably
supported by the drive shaft 13.

[0015] Referring back to FIG. 1A, a piston 17 is ac-
commodated in a corresponding one of the cylinder
bores 191. Each of the pistons 17 is connected to the
swash plate 15. The rotational movement of the swash
plate 15, which integrally rotates with the drive shaft 13,
is converted into the reciprocating movement of the pis-
ton 17 through a pair of shoes 18. Thereby, the piston
17 reciprocates in the corresponding cylinder bores 191
frontward and rearward.

[0016] The suction chamber 111 is included in a suc-
tion pressure region. While the piston 17 moves from
the left side to the right side in FIG. 1A, the refrigerant
in the suction chamber 111 pushes away a correspond-
ing suction valve 211 formed on the suction valve plate
21 from a corresponding suction port 201 formed on the
valve port plate 20. Thereby, the refrigerant in the suc-
tion chamber 111 is drawn into the corresponding cylin-
der bore 191. While the piston 17 moves from the right
side to the left side in FIG. 1A, the refrigerant that has
been drawn into the cylinder bore 191 pushes away a
corresponding discharge valve 221 formed on the dis-
charge valve plate 22 from a corresponding discharge
port 202 formed on the valve port plate 20. Thereby, the
refrigerantin the cylinder bore 191 is discharged into the
corresponding discharge chamber 112. The discharge
chamber 191 is included in a discharge pressure region.
The opening degree of the discharge valve 221 is re-
stricted by the abutment of the discharge valve 221
against the retainer 231, which is formed on the retainer
plate 23.

[0017] Inthe presentembodiment, the valve port plate
20, the suction valve plate 21, the discharge valve plate
22 and the retainer plate 23 constitute a valve plate as-
sembly. A thrust bearing 42 is interposed between the
end wall 122 of the rear housing 12 and the lug plate 14.
Compression reactive force is generated due to the dis-
charge work of the piston 17 and is received by the end
wall 122 of the rear housing 12 through the piston 17,
the shoes 18, the swash plate 15, the guide pins 16, the
lug plate 14 and the thrust bearing 42. At this time, the
drive shaft 13 is urged in the direction of a central axis
L of the drive shaft 13 while the piston 17 reciprocates.
[0018] A supply passage 30 connects with the dis-
charge chamber 112 and the crank chamber 121. The
refrigerant in the discharge chamber 112 is sent to the
crank chamber 121 through the supply passage 30. In
the supply passage 30, an electromagnetic type dis-
placement control valve 25 is placed. The displacement
control valve 25 is magnetized and demagnetized by a
controller (not shown). The controller controls magneti-
zation and demagnetization of the displacement control
valve 25 based on a temperature detected by a temper-
ature detector (not shown) that detects temperature in
a vehicle compartment and a target temperature set by
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a temperature setting device (not shown). The displace-
ment control valve 25 is closed while electricity is sup-
plied to the displacement control valve 25. The displace-
ment control valve 25 is open while the electricity is
stopped being supplied to the displacement control
valve 25. That is, on one hand the refrigerant in the dis-
charge chamber 112 is sent to the crank chamber 121
while the displacement control valve 25 is demagnet-
ized, and on the other hand the refrigerant in the dis-
charge chamber 112 is not sent to the crank chamber
121 while the displacement control valve 25 is magnet-
ized. Thus, the displacement control valve 25 controls
the amount of refrigerant that flows from the discharge
chamber 112 to the crank chamber 121.

[0019] In the accommodation chamber 242, a thrust
bearing 43 and a shaft seal 44 are placed. The pressure
in the crank chamber 121 is applied to the rear end sur-
face 132 of the drive shaft 13. In the case that the sum
of the compression reactive forces acting on the pistons
17 in the cylinder bores 191 is smaller than the force
resulting from the pressure applied to the rear end sur-
face 132, the force differential between the sum of the
compression reactive forces and the force resulting from
the pressure applied to the rear end surface 132 is re-
ceived by the cylinder block 19 through the drive shaft
13 and the thrust bearing 43. The shaft seal 44 prevents
the refrigerant in the suction chamber 111 from leaking
to the crank chamber 111 along the circumferential sur-
face 133 of the drive shaft 13.

[0020] In the cylinder block 19, a refrigerant passage
45 is formed. The refrigerant passage 45 has a first end
451 and a second end 452. The first end 451 is opened
to a bottom of the crank chamber 121. As shown in FIGs.
2 and 3, the second end 452 is opened to a clearance
S1 defined between the inner circumference of the
flange 192 and the circumferential surface 133 of the
drive shaft 13. The second end 452 is formed more up-
ward than the central axis L of the drive shaft 13. A throt-
tled passage 31 is formed in the refrigerant passage 45.
[0021] AsshowninFIGs. 1A and 1B, the crank cham-
ber 121 connects with the suction chamber 111 through
the refrigerant passage 45, the clearance S1, the gap
inside of the radial bearing 41, the accommodation
chamber 241, and a shaft hole 203 formed in the valve
port plate 20. The refrigerant passage 45, the clearance
S1, the radial bearing 41, the accommodation chamber
241, and the shaft hole 203 constitute a bleed passage
46. The refrigerant in the crank chamber 121 flows into
the suction chamber 111 through the bleed passage 46
that connects the crank chamber 121 to the suction
chamber 111. The circumferential surface 133 of the
drive shaft 13 and the bleed passage 46 in the cylinder
block 19 (or the refrigerant passage 45 in the cylinder
block 16) meet with each other more upward than the
central axis L of the drive shaft 13.

[0022] The inclination angle of the swash plate 15 is
varied base on the control of the pressure in the crank
chamber 121. As the pressure in the crank chamber 121
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increases, the inclination angle of the swash plate 15 is
decreased relative to the perpendicular plane to the
drive shaft 13. In contrast, as the pressure in the crank
chamber 121 decreases, the inclination angle of the
swash plate 15 is increased relative to the perpendicular
plane to the drive shaft 13. As the refrigerant in the dis-
charge chamber 112 is supplied to the crank chamber
121, the pressure in the crank chamber 121 is in-
creased. When the supply of the refrigerant from the dis-
charge chamber 112 to the crank chamber 121 stops,
the pressure in the crank chamber 121 is decreased.
That is, the inclination angle of the swash plate 15 is
controlled by the displacement control valve 25.

[0023] The maximum inclination angle of the swash
plate 15 is restricted by the abutment of the swash plate
15 against the lug plate 14. The minimum inclination an-
gle of the swash plate 15 is restricted by the abutment
of the swash plate 15 against the circular clip 47.
[0024] The discharge chamber 112 and the suction
chamber 111 connect with each other through an exter-
nal refrigerant circuit 26. The refrigerant that has been
flowed into the external refrigerant circuit 26 from the
discharge chamber 112 is returned to the suction cham-
ber 111 in the compressor through a condenser 27, an
expansion valve 28 and an evaporator 29.

[0025] Inthefirst preferred embodiment of the present
invention, the following advantageous effects are ob-
tained.

(1-1) When the opening degree of the displacement
control valve 25 is not zero degree, a part of the
refrigerant in the discharge chamber 112 flows into
the crank chamber 121 through the supply passage
30. In addition, the lubricant oil that flows with the
refrigerant flows from the discharge chamber 112
into the crank chamber 121. The refrigerant in the
crank chamber 121 flows into the suction chamber
111 through the bleed passage 46. In addition, the
lubricant oil that flows with the refrigerant flows from
the crank chamber 121 into the suction chamber
111. The bleed passage 46, which is required to
control displacement and to lubricate a portion re-
quiring lubrication in the crank chamber 121, is
formed outside of the drive shaft 13. In the consti-
tution that the bleed passage 46 is formed outside
of the drive shaft 13, the diameter of the drive shaft
13 can be reduced than that of the drive shaft 13 of
which a bleed passage 46 is formed inside. The re-
duction of the diameter of the drive shaft 13 enables
the compressor to be compact. Therefore, the con-
stitution that the bleed passage 46 is formed outside
of the drive shaft 13 is effective to prevent the com-
pressor from becoming large.

(1-2) The compression reactive force is generated
due to the discharge work of the piston 17 in the
direction from the front end of the drive shaft 13 to
the rear end of the drive shaft 13. When the inclina-
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tion angle of the swash plate 15 is relatively small,
the compression reactive force is relatively small.
The pressure in the crank chamber 121 urges the
drive shaft 13 in the direction from the rear end of
the drive shaft 13 to the front end of the drive shaft
13. Therefore, when the inclination angle of the
swash plate 15 is relatively small, the load that is
applied to the thrust bearing 42 for receiving the
compression reactive force is substantially zero or
relatively extremely small. That is, the constitution
that the suction chamber 111 and the discharge
chamber 112 are separated from the crank chamber
121 through the cylinder block 19 in the direction
from the front end of the drive shaft 13 to the rear
end of the drive shaft 13 is effective to improve the
reliability of the thrust bearing 42, which is a portion
requiring lubrication in the crank chamber 121.

(1-3) A part of the bleed passage 46 is formed in
the shaft hole 24 of the cylinder block 19. When a
gap exists between the circumferential surface of
the shaft hole 24 and the circumferential surface
133 of the drive shaft 13, the gap can function as a
part of the bleed passage 46. To define the gap be-
tween the circumferential surface of the shaft hole
24 and the circumferential surface 133 of the drive
shaft 13, the diameter of the shaft hole 24 is formed
to be larger than that of the drive shaft 13. The con-
stitution having such a relation between the diame-
ters is easily obtained. Accordingly, the shaft hole
24 of the cylinder block 19 is suitable for forming at
least a part of the bleed passage 46.

(1-4) The radial bearing 41 in the bleed passage 46
is lubricated by the lubricant oil that flows with the
refrigerant passing through the bleed passage 46.
Therefore, the shaft hole 24 provided with the radial
bearing 41 is suitable for forming the bleed passage
46.

(1-5) The first end 451 of the refrigerant passage 45
that is a first end of the bleed passage 46 is opened
to the bottom of the crank chamber 121. As shown
inFIG. 1 A, lubricant oil Y accumulates at the bottom
of the crank chamber 121. The lubricant oil Y is sent
to the bleed passage 46 since the refrigerant in the
crank chamber 121 flows to the suction chamber
111. The constitution that the lubricant oil Y that has
accumulated at the bottom of the crank chamber
121 is sent to the suction chamber 111 is effective
to raise a lubricating efficiency of portions requiring
lubrication such as the radial bearing 41 and the
shaft seal 39 other than the portion requiring lubri-
cation in the crank chamber 121.

(1-6) The second end 452 of the refrigerant pas-
sage 45 is opened to the clearance S1. The second
end 452 is at a higher position than the central axis
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L of the drive shaft 13. Therefore, the lubricant oil
can accumulate even in the clearance S1 and the
accommodation chamber 241. Thereby, the lubri-
cating efficiency of the radial bearing 41 is raised.

[0026] A second preferred embodiment according to
the present invention in a variable displacement piston
type compressor will now be described with reference
to FIG. 6. The same reference numerals of the first pre-
ferred embodiment are applied to substantially the same
elements in the second preferred embodiment.

[0027] Referring to FIG. 6, a shaft seal 44A is placed
in the accommodation chamber 241. The shaft seal 44A
prevents the refrigerant in the accommodation chamber
241 from leaking to the suction chamber 111 along the
circumferential surface 133 of the drive shaft 13. The
accommodation chamber 241 and the suction chamber
111 are connected by a refrigerant passage 48 formed
in the cylinder block 19 and a throttled passage 49
formed through the valve port plate 20. A first end 481
of the refrigerant passage 48 is opened relatively up-
ward in the accommodation chamber 241.

[0028] Aclearance S2is defined between aninner cir-
cumferential surface of a race 431 of the thrust bearing
43 and the circumferential surface 133 of the drive shaft
13. The refrigerant in the crank chamber 121 flows to
the suction chamber 111 through a bleed passage 50
constituted of a gap between the race 431 and a race
432 of the thrust bearing 43, the clearance S2, the clear-
ance S1, a gap in the radial bearing 41, the accommo-
dation chamber 241, the refrigerant passage 48 and the
throttled passage 49.

[0029] In the second preferred embodiment, the
above-described effects (1-1) through (1-4) of the first
preferred embodiment are substantially obtained. In ad-
dition, the following effects are obtained.

(2-1) The throttled passage 49 requires a relatively
small diameter so as to properly adjust the pressure
in the crank chamber 121. Itis difficult to form a pas-
sage having a relatively small diameter and a rela-
tively large length by drilling. However, since the
thickness of the valve port plate 20 is not relatively
large, the length of the throttled passage 49 be-
comes relatively small. Therefore, the valve port
plate 20 is suitable for forming the throttled passage
49 having a relatively small diameter.

(2-2) Since the cylinder block 19 does not require a
throttled passage having a relatively small diame-
ter, the refrigerant passage 48 having a proper di-
ameter is easily formed by drilling.

[0030] A third preferred embodiment according to the
present invention in a variable displacement piston type
compressor will now be described with reference to FIG.
7. The same reference numerals of the first preferred
embodiment are applied to substantially the same ele-
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ments in the third preferred embodiment.

[0031] Anannularblocking body 51 made of synthetic
resin is placed in the accommodation chamber 241. For
example, the blocking body 51 is made of polytetrafluor-
oethylene. The blocking body 51 is slidable respective
to the circumferential surface in the accommodation
chamber 241, the circumferential surface 133 of the
drive shaft 13 and the suction valve plate 21. Grooves
52 and 521 are formed respectively on the outer circum-
ferential surface 512 and the end surface 513 of the
blocking body 51. The refrigerant in the crank chamber
121 flows to the suction chamber 111 through the gap
in the thrust bearing 43, the clearances S2 and S1, the
gap in the thrust bearing 41, the accommodation cham-
ber 241, the grooves 52 and 521, and the shaft hole 203.
That is, the pressure in the crank chamber 121 is ad-
justed by the outflow of the refrigerant in the crank cham-
ber 121 (or the release of the pressure in the crank
chamber 121) through the grooves 52 and 521 of the
blocking body 51 that are throttling means. The grooves
52 and 521 of the blocking body 51 function as a throttle
so as to separate the pressure in the suction chamber
111 from the pressure in the crank chamber 121.
[0032] In the third preferred embodiment, the above-
described effects (1-1) through (1-4) of the first preferred
embodiment are substantially obtained. In addition, the
following effects are obtained.

(3-1) In a sense, the blocking body 51 is placed for
leaking the refrigerant properly from the crank
chamber 121 to the suction chamber 111. The re-
frigerant in the crank chamber 121 leaks through a
gap between the outer circumferential surface 512
of the blocking body 51 and the circumferential sur-
face of the accommodation chamber 241 and a gap
between the inner circumferential surface 511 of the
blocking body 51 and the circumferential surface
133 of the drive shaft 13. Therefore, the function for
preventing the refrigerant from leaking through the
gaps does not require its accuracy. Accordingly, it
is not required that the outer circumferential surface
512 of the blocking body 51 is completely close to
the circumferential surface of the accommodation
chamber 241 and that the inner circumferential sur-
face 511 of the blocking body 51 is completely close
to the circumferential surface 133 of the drive shaft
13.

Even when the outside diameter of the blocking
body 51 is slightly larger than the diameter of the
accommodation chamber 241, the elastic deforma-
tion of the blocking body 51 made of synthetic resin
enables the blocking body 51 to fit into the accom-
modation chamber 241. Also, even when the inside
diameter of the blocking body 51 is slightly smaller
than the diameter of the drive shaft 13, the elastic
deformation of the blocking body 51 made of syn-
thetic resin enables the blocking body 51 to fit
around the drive shaft 13.
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In other words, the blocking body 51 made of
synthetic resin permits low accuracy in size. Such
a blocking body is manufactured at low cost and is
easily manufactured by molding.

(3-2) Although the cross-sectional area for passing
the grooves 52 and 521 that are throttled passage
is relatively small, the grooves 52 and 521 are easily
manufactured by molding.

(3-3) The grooves 52 and 521 are formed respec-
tively on the outer circumferential surface 512 and
the end surface 513 of the blocking body 51. The
outer circumferential surface 512 and the end sur-
face 513 of the blocking body 51 are easy to form
a groove. Therefore, the surface of the blocking
body 51 is suitable for forming the grooves 52 and
521.

(3-4) When the outside diameter of the blocking
body 51 is much smaller than the diameter of the
accommodation chamber 241, the sum of the cross-
sectional area for passing a clearance between the
circumferential surface of the accommodation
chamber 241 and the outer circumferential surface
512 of the blocking body 51 and the cross-sectional
area for passing the groove 52 is much larger than
the desired value of the cross-sectional area of the
throttle. However, the end surface 513 of the block-
ing body 51 is closed to the suction valve plate 21
due to the pressure differential between the crank
chamber 121 and the suction chamber 111. In ad-
dition, a part of the groove 521 formed on the end
surface 513 faces to the suction valve plate 21.
Therefore, the cross-sectional area for passing a
clearance between the end surface 513 and the
suction valve plate 21 is prescribed to be a desired
value of the cross-sectional area for passing the
groove 521. Thereby, a satisfactory throttle is en-
sured.

(3-5) The polytetrafluoroethylene that is excellent in
a sliding performance is suitable for a material of
the blocking body 51.

[0033] In the present invention, the following embod-
iments are also practiced.

[0034] Firstly, a bleed passage that linearly extends
through the cylinder block 19, the suction valve plate 21,
the valve port plate 20 and the discharge valve plate 22
may connect with the crank chamber 121 and the suc-
tion chamber 111.

[0035] Secondly, in the second preferred embodi-
ment, the refrigerant passage 48 and the throttled pas-
sage 49 may be omitted. In place of the refrigerant pas-
sage 48 and the throttled passage 49, a throttled pas-
sage may be formed in the shaft seal 44A.

[0036] Thirdly, in the third preferred embodiment, a
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blocking body 51 made of rubber may be employed. For
example, a nitrile-butadiene rubber may be employed.
[0037] The nitrile-butadiene rubber that is excellent in
a resistance to deterioration relative to refrigerant and
lubricant oil is suitable for a material of the blocking body
51. While the blocking body 51 made of rubber is formed
by molding, the elastic deformation of rubber allows rub-
ber to be lower accuracy in size than synthetic resin.
Therefore, the blocking body 51 made of rubber is man-
ufactured more easily than a blocking body made of syn-
thetic resin.

[0038] 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 of the appended
claims.

Claims

1. A variable displacement piston type compressor
comprising:

a housing having a cylinder block including a
plurality of cylinder bores, the housing defining
a crank chamber, a suction pressure region and
a discharge pressure region, the suction pres-
sure region including a suction chamber, the
discharge pressure region including a dis-
charge chamber;

a drive shaft rotatably supported by the hous-
ing, the drive shaft having a first end and a sec-
ond end, the first end of the drive shaft extend-
ing through the housing, the cylinder block be-
ing placed between the first end and the second
end, the suction chamber and the discharge
chamber being defined near the first end rela-
tive to the cylinder block, the crank chamber be-
ing defined near the second end relative to the
cylinder block;

a cam plate inclinably supported by the drive
shaft in the crank chamber, the cam plate being
integrally rotated with the drive shaft;

a piston accommodated in each cylinder bore,
the rotation of the cam plate being converted
into the reciprocating movement of the piston
in accordance with the inclination angle of the
cam plate, refrigerant in the suction chamber
being drawn into the cylinder bores due to the
suction work of the piston, the refrigerant in the
cylinder bores being discharged into the dis-
charge chamber due to the discharge work of
the piston, refrigerant in the discharge pressure
region being supplied into the crank chamber
and the refrigerant in the crank chamber being
bled into the suction pressure region through a
bleed passage for controlling pressure in the
crank chamber, thereby the inclination angle of
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the cam plate being controlled, the crank cham-
ber and the suction chamber being connected
with each other through the bleed passage, the
bleed passage being formed outside of the
drive shaft.

The variable displacement piston type compressor
according to claim 1, wherein at least a part of the
bleed passage is formed in a shaft hole of the cyl-
inder block through which the drive shaft extends.

The variable displacement piston type compressor
according to claim 2, wherein the drive shaft is ro-
tatably supported by a radial bearing in the cylinder
block, the radial bearing being placed in the bleed
passage.

The variable displacement piston type compressor
according to claim 1, wherein the discharge cham-
ber and the suction chamber are separated from the
cylinder bores by a valve plate assembly, a part of
the bleed passage extends through the cylinder
block and the valve plate assembly, and a part of
the bleed passage in the valve plate assembly is a
throttled passage.

The variable displacement piston type compressor
according to claim 1, wherein the upstream end of
the bleed passage is opened to the bottom of the
crank chamber.

The variable displacement piston type compressor
according to claim 5, wherein the bleed passage
passes through the cylinder block and then reaches
the circumferential surface of the drive shaft, and
the circumferential surface of the drive shaft and the
bleed passage in the cylinder block meet more up-
ward in a vertical direction than the central axis of
the drive shaft.

The variable displacement piston type compressor
according to claim 1, further comprising a throttling
means having a blocking member in the bleed pas-
sage and a throttled passage formed on the block-
ing member, the blocking member being made of
resin or rubber.

The variable displacement piston type compressor
according to claim 7, wherein the blocking member
is made of polytetrafluoroethylene.

The variable displacement piston type compressor
according to claim 7, wherein the blocking member
is made of nitrile-butadiene rubber.

The variable displacement piston type compressor
according to claim 1, wherein the cam plate is in-
clinable swash plate for varying displacement of the
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12.

13.

14.

15.

14
Compressor.

The variable displacement piston type compressor
according to claim 1, further comprising lubricant oil
that fluids with the refrigerant therein.

A variable displacement piston type compressor
comprising:

a cylinder block including a plurality of cylinder
bores;

a piston for compressing refrigerant in each cyl-
inder bore;

a cam plate movably connected to the piston
for reciprocating the piston;

a crank chamber defined near one end of the
cylinder block;

a drive shaft having a rotational axis for rotating
to drive the cam plate, wherein the drive shaft
is urged in a direction of the rotational axis while
the piston reciprocates;

a suction chamber defined near the opposite
end to the crank chamber relative to the cylin-
der block, the refrigerantin the suction chamber
being drawn into the cylinder bores due to the
suction work of the piston;

a discharge chamber defined near the opposite
end to the crank chamber relative to the cylin-
der block, the refrigerant in the cylinder bores
being discharged to the discharge chamber
due to the discharge work of the piston; and
wherein the refrigerant in the discharge cham-
ber is supplied into the crank chamber and the
refrigerant in the crank chamber is bled into the
suction chamber through a bleed passage for
controlling pressure in the crank chamber, the
bleed passage being formed outside of the
drive shaft.

The variable displacement piston type compressor
according to claim 12, wherein at least a part of the
bleed passage is formed in a shaft hole of the cyl-
inder block through which the drive shaft extends.

The variable displacement piston type compressor
according to claim 13, wherein the drive shaft is ro-
tatably supported by a radial bearing in the cylinder
block, the radial bearing being placed in the bleed
passage.

The variable displacement piston type compressor
according to claim 12, wherein the discharge cham-
ber and the suction chamber are separated from the
cylinder bores by a valve plate assembly, a part of
the bleed passage extends through the cylinder
block and the valve plate assembly, and a part of
the bleed passage in the valve plate assembly is a
throttled passage.



16.

17.

18.

15 EP 1 283 360 A2

The variable displacement piston type compressor
according to claim 12, wherein the upstream end of
the bleed passage is opened to the bottom of the
crank chamber.

The variable displacement piston type compressor
according to claim 16, wherein the bleed passage
passes through the cylinder block and then reaches
the circumferential surface of the drive shaft, and
the circumferential surface of the drive shaft and the
bleed passage in the cylinder block meet more up-
ward in a vertical direction than the central axis of
the drive shaft.

The variable displacement piston type compressor
according to claim 12, further comprising a throttling
means having a blocking member in the bleed pas-
sage and a throttled passage formed on the block-
ing member, the blocking member being made of
resin or rubber.
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