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(54) Variable displacement compressor

(57)  Avariable displacement compressor includes a
housing, arotary shaft, a bearing, a seal member, a shaft
seal chamber, adischarge refrigerant passage and a par-
tition. The partition is provided in the shaft seal chamber
for partitioning the shaft seal chamber into a first seal
chamber to which the discharge refrigerant passage is

opened and a second seal chamber part of the periphery
of which is formed by the bearing and the seal member.
The partition is provided with a first guide passage
through which refrigerant containing lubricating oil flowed
from the discharge refrigerant passage into the first seal
chamber is substantially all supplied to the seal member
of the second seal chamber.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a variable dis-
placement compressor and more particularly to a struc-
ture for lubricating a seal member sealing a rotary shaft
of the variable displacement compressor.

[0002] Japanese Patent Application Publication No.
4-179874 discloses a swash plate compressor including
a crankcase, a rotary shaft, a radial bearing and a lip
seal. The crankcase has therein a crank chamber. The
rotary shaft is supported by the radial bearing and one
end of the rotary shaft is exposed outside the crankcase.
The lip seal serves to seal the rotary shaft. The crank-
case, the rotary shaft, the radial bearing and the lip seal
cooperate to form a space. The rotary shaft has therein
a pressure control passage through which compressed
refrigerant gas flows into the crank chamber. In addition,
the rotary shaft has therein an oil feed hole for intercon-
necting the pressure control passage and the space. A
part of the compressed refrigerant gas flows into the
crank chamber through the pressure control passage,
the oil feed hole, the space and the clearances in the
radial bearing. Refrigerant gas contains lubricating oil in
the form of a mist, which lubricates various sliding sur-
faces in the crank chamber.

[0003] Japanese Patent Application Publication No.
2006-307700 discloses a swash plate compressor
wherein a partition is provided in a shaft seal chamber
for separating a lip seal and a bearing and a clearance
is formed between the partition and a rotary shaft. The
compressor of this publication includes a first passage
and a second passage. The first passage interconnects
the crank chamber and the shaft seal chamber and allows
refrigerant gas containing lubricating oil and flowing from
the crank chamber to pass therethrough. The second
passage is formed between the lug plate fixed on the
rotary shaft and the housing so as to interconnect the
bearing and the crank chamber. In this structure of the
compressor, refrigerant gas circulates through the crank
chamber, the first passage, a region of the shaft seal
chamber between the lip seal and the partition, the clear-
ance between the partition and the rotary shaft, a region
of the shaft seal chamber between the partition and the
bearing, the bearing and the second passage. Such cir-
culation makes it easier for refrigerant gas containing lu-
bricating oil to flow into the region of the shaft seal cham-
ber between the lip seal and the partition, so that the lip
seal is lubricated efficiently.

[0004] Inthe compressor according to the former pub-
lication, the sliding surfaces between the rotary shaft and
the lip seal are lubricated by lubricating oil contained in
the refrigerant gas flowed into the space through the oil
feed hole. Because the oil feed hole extends only in the
radial direction of the rotary shaft, however, the refriger-
ant gas flowing into the space through the oil feed hole
moves radially outward of the space under the centrifugal
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force and then passes through the radial bearing. There-
fore, the lubricating oil fails to be supplied in an adequate
amount to the sliding surfaces between the rotary shaft
and the lip seal and such poor lubrication may deteriorate
the reliability of the lip seal.

[0005] In the compressor according to the latter pub-
lication, a part of refrigerant gas in the discharge chamber
flows through a discharge refrigerant passage formed in
the rotary shaft into the region of the shaft seal chamber
between the partition and the bearing, and then flows
into the crank chamber through the bearing and the sec-
ond passage. However, the lubricating oil contained in
the refrigerant gas flowed into the region of the shaft seal
chamber between the partition and the bearing tends to
reside in the region of the shaft seal chamber adjacent
to the housing under the influence of the centrifugal force.
In addition, the lubricating oil contained in the refrigerant
gas flowed into the region of the shaft seal chamber be-
tween the partition and the bearing through the discharge
refrigerant passage is difficult to flow into the region of
the shaft seal chamber between the lip seal and the par-
tition because the partition is provided in the shaft seal
chamber for separating the lip seal and the bearing and
also the clearance between the partition and the rotary
shaft is vary small. Therefore, the lubricating oil fails to
be suppliedin an adequate amountto the sliding surfaces
between the lip seal and the rotary shaft and such poor
lubrication may deteriorate the reliability of the lip seal.
[0006] The present invention is directed to a variable
displacement compressor wherein the durability of the
seal member in sealing the rotary shaft is improved,
thereby enhancing the reliability of the seal member.

SUMMARY OF THE INVENTION

[0007] Inaccordance with an aspect of the present in-
vention, there is provided a variable displacement com-
pressor that includes a housing, a rotary shaft, a bearing,
a seal member, a shaft seal chamber, a discharge refrig-
erant passage and a partition. The housing has a crank
chamber. The rotary shaft is disposed in the crank cham-
ber with at least one end thereof exposed outside the
housing. The bearing is disposed in the housing for ro-
tatably supporting the rotary shaft. The seal member is
disposed in the housing at a position between the ex-
posed end of the rotary shaft and the bearing for prevent-
ing refrigerant mixed with lubricating oil from leaking out
of the housing along the rotary shaft. The shaft seal
chamber is formed by the housing, the rotary shaft, the
bearing and the seal member. The discharge refrigerant
passage is formed in the rotary shaft. The refrigerant
flows into the shaft seal chamber through the discharge
refrigerant passage. The partition is provided in the shaft
seal chamber for partitioning the shaft seal chamber into
a first seal chamber to which the discharge refrigerant
passage is opened and a second seal chamber part of
the periphery of which is formed by the bearing and the
seal member. The partition is provided with a first guide
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passage through which the refrigerant flowed from the
discharge refrigerant passage into the first seal chamber
is substantially all supplied to the seal member of the
second seal chamber.

[0008] 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

[0009] 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 var-
iable displacement compressor according to a first
embodiment of the present invention;

Fig, 2 is an enlarged longitudinal sectional view
showing a shaft seal chamber and its related parts
of the variable displacement compressor of Fig. 1;

Fig. 3 is an enlarged fragmentary longitudinal sec-
tional view showing a shaft seal chamber and its re-
lated parts of a variable displacement compressor
according to a second embodiment of the present
invention;

Fig. 4 is an enlarged fragmentary longitudinal sec-
tional view showing a shaft seal chamber and its re-
lated parts of a variable displacement compressor
according to a third embodiment of the present in-
vention;

Fig. 5 is an enlarged fragmentary longitudinal sec-
tional view showing a shaft seal chamber and its re-
lated parts of a variable displacement compressor
according to a fourth embodiment of the present in-
vention;

Fig. 6 is an enlarged fragmentary longitudinal sec-
tional view showing a shaft seal chamber and its re-
lated parts of a variable displacement compressor
according to a fifth embodiment of the presentinven-
tion; and

Fig. 7 is an enlarged fragmentary longitudinal sec-
tional view showing a shaft seal chamber and its re-
lated parts of a variable displacement compressor
according to a sixth embodiment of the present in-
vention.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] The following will describe the variable dis-
placement compressors according to the embodiments
of the present invention with reference to the accompa-
nying drawings. Referring firstly to Fig. 1, the variable
displacement compressor of the first embodiment is des-
ignated by reference numeral 1 and will be hereinafter
referred to merely as a compressor 1, The compressor
1forms apart of refrigeration system (not shown) in which
refrigerant gas mixed with lubricating oil is sealed. Car-
bon dioxide is preferably used as the refrigerant gas. It
is noted that the front and rear of the compressor 1 in the
following description are indicated by arrows directed in
opposite directions in Fig. 1. The compressor 1 includes
a cylinder block 2 having a plurality of cylinder bores 2A.
A front housing 3 is joined to the front end of the cylinder
block 2 and hastherein a crank chamber 4. Arear housing
6 is joined to the rear end of the cylinder block 2 through
a valve plate assembly 5 and has a discharge chamber
16 and a suction chamber 17.

[0011] The discharge chamber 16 and the suction
chamber 17 are communicable with the cylinder bores
2A via the valve plate assembly 5. More specifically, the
valve plate assembly 5 has a set of a discharge port 5A,
a discharge valve (not shown), a suction port 5B and a
suction valve (not shown) for each cylinder bore 2A. The
discharge port 5A interconnects the cylinder bore 2A and
the discharge chamber 16 and the suction port 5B inter-
connects the cylinder bore 2A and the suction chamber
17, respectively. The discharge chamber 16 is connected
to one end of the external refrigeration system through
an outlet port (not shown) of the compressor 1 and the
suction chamber 17 is connected to the other end of the
external refrigeration system through an inlet port (not
shown) of the compressor 1.

[0012] Adrive shaft7 is disposed in the crank chamber
4 at the center of the front housing 3 and the cylinder
block 2. The drive shaft 7 has a large-diameter portion
adjacent to the cylinder block 2, a tapered portion that
tapers forward from the front end of the large-diameter
portion and a small-diameter portion that extends forward
from the front end of the tapered portion. A lug plate 11
is fixed on the drive shaft 7 at the front end of the large-
diameter portion thereof for rotation therewith within the
crank chamber 4. The lug plate 11 is rotatably supported
by a thrust bearing 12 provided between the rear surface
3A of the front wall of the front housing 3 and the front
surface of the lug plate 11. In addition, the lug plate 11
is rotatably supported by a radial roller bearing 8 inserted
in the front housing 3 at such a position that the front
portion of the drive shaft 7 is also rotatably supported by
the radial roller bearing 8 through the lug plate 11, The
rear portion of the drive shaft 7 is rotatably supported by
a radial roller bearing 9 inserted in the cylinder block 2.
Thus, the drive shaft 7 is rotatably supported by the radial
roller bearings 8, 9 and serves as the rotary shaft of the
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present invention. The front end of the drive shaft 7 is
exposed outside the front housing 3 and connected to a
drive source (not shown). The rear end of the drive shaft
7 is located in a space 45 formed in the rear end of the
cylinder block 2.

[0013] A swash plate 13 is mounted on the large-di-
ameter portion of the drive shaft 7 behind the lug plate
11 so as to be tiltable relative to the axis of the drive shaft
7 and also slidable along the axial direction of the drive
shaft 7. The swash plate 13 has on the side thereof ad-
jacent to the lug plate 11 a connection 13A and a pair of
guide pins 13B mounted on the connection 13A. The lug
plate 11 has on the side thereof adjacent to the swash
plate 13 a pair of guide holes 11 A, With the paired guide
pins 13B inserted in the paired guide holes 11A, the
swash plate 13 and the lug plate 11 are connected to
each other so as to be rotatable together. A piston 14 is
disposed in each cylinder bore 2A and connected to the
swash plate 13 through a pair of shoes 15, The shoes
15 convert the oscillating motion of the swash plate 13
into the reciprocating motion of the piston 14.

[0014] Alip seal 10 is mounted on the drive shaft 7 at
a position between the small-diameter portion of the drive
shaft 7 and the front housing 3 in front of the lug plate 11
and the radial roller bearing 8 for sealing the drive shaft
7. The lip seal 10 has in the rear end thereof a tapered
portion tapering rearward and having an outer circumfer-
ential surface 10B. The lip seal 10 serves as a seal mem-
ber for sealing the drive shaft 7. The lip seal 10 serves
to prevent refrigerant gas and lubricating oil in the crank
chamber 4 from leaking out of the front housing 3 along
the outer clrcumferentlal surface of the drive shaft 7. A
shaft seal chamber 22 is defined in the front housing 3
by the front housing 3, the small-diameter portion and
the tapered portion of the drive shaft 7, the radial roller
bearing 8, the lip seal 10 and the lug plate 11.

[0015] The discharge chamber 16 communicates with
the crank chamber 4 via a supply passage through which
refrigerant gas in the discharge chamber 16 flows into
the crank chamber 4. The supply passage will be de-
scribed below. A control valve 18 is disposed in the rear
housing 6 and has a throttle (not shown) that regulates
the flow of refrigerant gas passing through the supply
passage for controlling the pressure Pc in the crank
chamber 4. The control valve 18 communicates with the
discharge chamber 16 through a passage 41 that is
formed in the rear housing 6 and also with a passage 42
that is formed in the rear housing 6. The passage 42 is
in communication with the space 45 of the cylinder block
2 via a passage 43 that is formed in the valve plate as-
sembly 5 and a passage 44 that is formed in the cylinder
block 2. The passages 41, 42, 43, 44 and the space 45
provide a part of the supply passage.

[0016] The drive shaft 7 includes a first shaft portion
7A which is of a substantially hollowed cylindrical shape
having one end thereof opened and a second shaft por-
tion 7B which is also of a hollowed cylindrical shape hav-
ing opposite two ends thereof opened and is press-fitted
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in the first shaft portion 7A, as shown in Fig. 1. An axial
passage 31 is formed centrally in the first shaft portion
7A and the second shaft portion 7B and communicates
with the space 45 of the cylinder block 2 through the
opening 7E formed at the rear end of the drive shaft 7.
An annular passage 32 is formed between the inner cir-
cumferential surface of the first shaft portion 7A and the
outer circumferential surface of the second shaft portion
7B. A lip seal 47 is provided at the rear end of the drive
shaft 7 in the space 45 for shutting off the fluid commu-
nication between the axial passage 31 and the annular
passage 32. An O-ring 7C is held between the inner cir-
cumferential surface of the first shaft portion 7A and the
outer circumferential surface of the second shaft portion
7B at the front end of the passage 32. A slanted passage
33 is formed in the drive shaft 7 at an angle relative to
the axis of the drive shaft 7 and serves as the discharge
refrigerant passage of the presentinvention. The slanted
passage 33 extends from the front end of the axial pas-
sage 31 to an outer circumferential surface 7F of the ta-
pered portion of the drive shaft 7and is opened at 33A of
the slanted passage 33 to the shaft seal chamber 22.
Thus, the slanted passage 33 interconnects the axial
passage 31 and the shaft seal chamber 22. The axial
passage 31 and the slanted passage 33 provide a part
of the supply passage.

[0017] Referring to Fig. 2, the structure of the shaft
seal chamber 22 and its related parts will be described
in detail. An annular partition 21 having an L-shape sec-
tion is disposed between the lip seal 10 and the lug plate
11linthe shaftseal chamber22. The partition 21 is located
S0 as to cover the opening 33A of the slanted passage
33 and fixed to the front end of the lug plate 11 for rotation
therewith. Thus, the shaft seal chamber 22 is partitioned
by the partition 21 into two chambers, namely, afirst seal
chamber 22A to which the slanted passage 33 is opened
and a second seal chamber 22B part of the periphery of
which is formed by the radial roller bearing 8 and the lip
seal 10.

[0018] Clearance A is formed between the inner cir-
cumferential surface 21 A of the partition 21 and the outer
circumferential surface 7D of the small-diameter portion
ofthe drive shaft 7 facing the inner circumferential surface
21A, serving as the first guide passage of the present
invention, Therefore, the refrigerant gas flowed into the
first seal chamber 22A through the slanted passage 33
flows into the second seal chamber 22B through the
clearance A. The refrigerant gas flowed into the second
seal chamber 22B is substantially all directed to move to
the lip seal 10 along the outer circumferential surface 7D
of the small-diameter portion of the drive shaft 7 and then
passes close to the lip seal 10.

[0019] The front housing 3 has in the front wall thereof
a passage 34. The rear surface 3A of the front wall of the
front housing 3 is formed with a groove that extends in
the radial direction of the drive shaft 7. By being covered
by the front surface of the thrust bearing 12, the groove
is formed into a radial passage 35. One end of the above
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passage 34 is opened to the second seal chamber 22B
of the shaft seal chamber 22 and the other is connected
to the radial passage 35 at one end thereof adjacent to
the drive shaft 7. The other end of the radial passage 35,
which is far from drive shaft 7, is opened to a region in
the crank chamber 4 adjacent to the inner periphery of
the front housing 3.

[0020] A space 36 is defined behind the radial roller
bearing 8 by the front housing 3, the radial roller bearing
8, the lug plate 11 and the thrust bearing 12. The radial
roller bearing 8 includes an annular bearing race 8A hav-
ing a section of a channel shape opened radially inward
and a bearing body 8B disposed in the bearing race 8A
and having a plurality of needles arranged circumferen-
tially at a spaced interval. As shown in Fig. 2, clearance
d1 is formed between the inner circumferential surface
of the bearing race 8A and the outer circumferential sur-
face of the lug plate 11. Therefore, refrigerant gas and
lubricating oil in the second seal chamber 22B are al-
lowed to flow into the space 36 through the clearance d1
between the bearing race 8A and the lug plate 11 and
the interior of the radial roller bearing 8.

[0021] The thrust bearing 12 includes a pair of bearing
races 12A and 12B each having an L-shape section, and
a bearing body 12C. The paired bearing races 12A and
12B cooperate to form a hollow disc and the bearing body
12C has a plurality of needles arranged circumferentially
at a spaced interval, The paired bearing races 12A and
12B hold the bearing body 12C with clearances d2
formed between the inner ends of the bearing races 12A,
12B and between the outer ends of the bearing races
12A, 12B, respectively. Therefore, refrigerant gas and
lubricating oil in the space 36 are allowed to flow into the
region in the crank chamber 4 adjacent to the inner pe-
riphery of the front housing 3 through the clearances d2
between the bearing races 12A, 12B and the interior of
the thrust bearing 12. That is, the space 36 is in commu-
nication with the second seal chamber 22B of the shaft
seal chamber 22 via the radial roller bearing 8 and also
with the region in the crank chamber 4 adjacent to the
inner periphery of the front housing 3 via the thrust bear-
ing 12, The shaft seal chamber 22, the passages 34 and
35 provide a part of the supply passage. The shaft seal
chamber 22, the clearance d1 between the bearing race
8A and the lug plate 11, the interior of the radial roller
bearing 8, the space 36, the clearances d2 between the
bearing races 12A, 12B and the interior of the thrust bear-
ing 12 also provide a part of the supply passage.
[0022] The crank chamber 4 communicates with the
suction chamber 17 via a bleed passage through which
refrigerant gas in the crank chamber 4 is released into
the suction chamber 17, The drive shaft 7 has therein a
radial passage 46 at a position between the lug plate 11
and the swash plate 13, interconnecting the crank cham-
ber 4 and the annular passage 32 of the drive shaft 7 and
allowing the refrigerant gas in the crank chamber 4 to
flow into the annular passage 32. The annular passage
32 is in communication with the suction chamber 17 via
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a passage 48 formed in the cylinder block 2 and a pas-
sage 49 formed in the valve plate assembly 5. The pas-
sages 46, 32, 48 and 49 provide the aforementioned
bleed passage.

[0023] The operation of the compressor 1 of the first
embodiment will be described with reference to Fig. 1.
When the drive shaft 7 is driven to rotate by the drive
source, the swash plate 13 is rotated with the lug plate
11 thereby to cause each piston 14 to reciprocate in the
cylinder bore 2A through the pair of shoes 15. During the
reciprocating motion of the piston 14, refrigerant gas in
the external refrigeration system is drawn into the cylin-
der bore 2A through the suction chamber 17 and the suc-
tion port 5B for compression. The refrigerant gas in the
cylinder bore 2A is compressed by the piston 14 and then
discharged into the discharge chamber 16 through the
discharge port 5A. Major part of the refrigerant gas in the
discharge chamber 16 flows out of the compressor 1 into
the external refrigeration system.

[0024] On the other hand, a part of the refrigerant gas
in the discharge chamber 16 flows into the control valve
18 through the passage 41, When the refrigerant gas
flowing into the control valve 18 passes through the throt-
tle, the flow of the refrigerant gas is regulated and the
temperature of the refrigerant gas is decreased, accord-
ingly. The refrigerant gas with a decreased temperature
in the control valve 18 then flows into the first seal cham-
ber 22A through the passages 42, 43, 44, the space 45,
the axial passage 31 and the slanted passage 33 in this
order.

[0025] As shown in Fig. 2, the first seal chamber 22A
and the second seal chamber 22B are in communication
with each other via the clearance A formed between the
inner circumferential surface 21 A of the partition 21 and
the outer circumferential surface 7D of the small-diame-
ter portion of the drive shaft 7 facing the inner circumfer-
ential surface 21A. Therefore, the refrigerant gas flowed
into the first seal chamber 22A flows along the outer cir-
cumferential surface 7D of the drive shaft 7 into the sec-
ond seal chamber 22B through the clearance A. The re-
frigerant gas flowed into the second seal chamber 22B
through the first seal chamber 22A and the clearance A
is substantially all supplied to the lip seal 10 that is located
in front of the partition 21 and then passes close to the
sliding surfaces between the drive shaft 7 and the lip seal
10.

[0026] Lubricating oil contained in the form of a mistin
the refrigerant gas supplied to the lip seal 10 lubricates
the sliding surfaces between the drive shaft 7 and the lip
seal 10. In addition, the refrigerant gas, whose temper-
ature is decreased when passing through the throttle of
the control valve 18 (refer to Fig. 1), cools the sliding
surfaces between the drive shaft 7 and the lip seal 10
when supplied to the lip seal 10.

[0027] A part of the refrigerant gas which has passed
close to the lip seal 10 flows into the crank chamber 4
through the passages 34 and 35. The rest of the refrig-
erant gas flows into the crank chamber 4 through the
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radial roller bearing 8, the space 36 and the thrust bearing
12. The radial roller bearing 8 and the thrust bearing 12
are lubricated by the lubricating oil contained in the re-
frigerant gas flowing through such bearings 8 and 12.
[0028] Referring back to Fig.1, the pressure Pc is cre-
ated in the crank chamber 4 by the refrigerant gas flowed
into the crank chamber 4. The variable pressure differ-
ence between the pressure Pc in the crank chamber 4
and the pressure in the cylinder bore 2A causes the in-
clination angle of the swash plate 13 to vary, thus deter-
mining the displacement of the compressor 1. The refrig-
erant gas flowed into the crank chamber 4 then flows into
the suction chamber 17 through the passages 46, 32,
48, 49.

[0029] Inthe above-described compressor 1 including
the shaft seal chamber 22 and the slanted passage 33
that supplies refrigerant gas containing lubricating oil to
the shaft seal chamber 22, refrigerant gas is supplied
into the shaft seal chamber 22 through the slanted pas-
sage 33. By virtue of the provision of the partition 21 in
the shaft seal chamber 22 for partitioning the shaft seal
chamber 22 into the first seal chamber 22A and the sec-
ond seal chamber 22B and also of the clearance A be-
tween the partition 21 and the drive shaft 7 for allowing
the refrigerant gas flowed into the second seal chamber
22Bthrough the first seal chamber 22A and the clearance
A to be substantially all supplied to the lip seal 10, sub-
stantially all the refrigerant gas flowed into the second
seal chamber 22B passes close to the sliding surfaces
between the drive shaft 7 and the lip seal 10. Thus, an
adequate amount of lubricating oil is supplied to the slid-
ing surfaces between the drive shaft 7 and the lip seal
10. Therefore, the durability of the lip seal 10 in sealing
the drive shaft 7 is improved, thereby enhancing the re-
liability of the lip seal 10.

[0030] Referring to Fig. 3, a part of the variable dis-
placement compressor of the second embodiment is
shown. The compressor of the second embodiment dif-
fers from that of the first embodiment in that the radial
roller bearing 8 of the first embodiment is replaced by a
plain bearing 51. In the following description of the sec-
ond and other embodiments, like reference numerals or
symbols denote the like elements or parts of the com-
pressor 1 used in the description of the first embodiment
and the detailed description of such elements or parts
will be omitted. In the second embodiment, the lug plate
11is rotatably supported by the plain bearing 51 inserted
in the front housing 3.

[0031] The plainbearing 51 is provided by a cylindrical
metal member with the opposite ends thereof opened.
In the second embodiment, a part of the refrigerant gas
which has passed close to the sliding surfaces between
the drive shaft 7 and the lip seal 10 flows into the crank
chamber 4 through the plain bearing 51, the space 36
and the thrust bearing 12. The rest of the refrigerant gas
flows into the crank chamber 4 through the passages 34,
35, The rest of the structure of the compressor of the
second embodiment is substantially the same as that of
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the compressor 1 of the first embodiment. Thus, the com-
pressor of the second embodiment using the plain bear-
ing 51 offers substantially the same effects as that of the
first embodiment.

[0032] Referring to Fig. 4, a part of the variable dis-
placement compressor of the third embodimentis shown,
In the first embodiment, the lug plate 11 is rotatably sup-
ported by the radial roller bearing 8 inserted in the front
housing 3. The third embodiment differs from the first
embodiment in that the radial roller bearing 8 and the
annular partition 21 are replaced by aradial roller bearing
108 and an annular partition 121, respectively.

[0033] The compressor of the third embodiment in-
cludes a front housing 103 having a crank chamber 104.
A drive shaft 107 is disposed in the crank chamber 104
at the center of the front housing 103. The front portion
of the drive shaft 107 is rotatably supported by the radial
roller bearing 108 inserted in the front housing 103, The
rear portion of the drive shaft 107 is also rotatably sup-
ported by the radial roller bearing 9 inserted in the cylinder
block 2. Thus, the drive shaft 107 is rotatably supported
by the radial roller bearings 108, 9 and serves as the
rotary shaft of the present invention. The drive shaft 107
has a slanted passage 133 as that of the first embodi-
ment. A shaft seal chamber 122 is formed in the front
housing 103 by the front housing 103, the small-diameter
portion, the tapered portion and the large-diameter por-
tion of the drive shat 107, the radial roller bearing 108
and the lip seal 10, An annular partition 121 having an
L-shape section is disposed between the lip seal 10 and
the radial roller bearing 108 in the shaft seal chamber
122. The partition 121 is located so as to cover the open-
ing 133A of the slanted passage 133 that is opened to
the shaft seal chamber 122, and fixed to the outer cir-
cumferential surface of the large-diameter portion of the
drive shaft 107 for rotation therewith. Thus, the shaft seal
chamber 122 is partitioned into a first seal chamber 122A
and a second seal chamber 122B by the partition 121.
[0034] Clearance B is formed between the inner cir-
cumferential surface 121 A of the partition 121 and the
outer circumferential surface 107D of the small-diameter
portion of the drive shaft 107 facing the inner circumfer-
ential surface 121 A and serves as the first guide passage
of the present invention. Therefore, the refrigerant gas
flowed into the first seal chamber 122A through the slant-
ed passage 133 flows into the second seal chamber 122B
through the clearance B. The refrigerant gas flowed into
the second seal chamber 122B is substantially all sup-
plied to the lip seal 10 along the outer circumferential
surface 107D of the small-diameter portion of the drive
shaft 107 and then passes close to the lip seal 10. The
rest of the structure of the compressor of the third em-
bodiment is substantially the same as that of the com-
pressor 1 of the first embodiment. Thus, the compressor
of the third embodiment wherein the drive shaft 107 is
rotatably supported by the radial roller bearing 108 in-
serted in the front housing 103 and the partition 121 is
fixed on the drive shaft 107 offers substantially the same
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effects as that of the first embodiment.

[0035] Referring to Fig. 5, a part of the variable dis-
placement compressor of the fourth embodiment is
shown. The compressor of the fourth embodiment differs
from that of the first embodiment in that the annular par-
tition 21 of the firstembodiment is replaced by an annular
partition 221.

[0036] As shown in Fig. 5, the annular partition 221 is
fixed to the front end of the lug plate 11 for rotation there-
with. Clearance A is formed between the inner circum-
ferential surface 221A of the partition 221 and the outer
circumferential surface 7D of the drive shaft 7 facing the
inner circumferential surface 221A. The partition 221 has
in the rear thereof a slanted inner circumferential surface
221 B that defines the first seal chamber 22A with the
outer circumferential surface 7F of the tapered portion of
the drive shaft 7. The slanted inner circumferential sur-
face 221 B is formed so that the inside diameter of the
partition 221 decreases from the rear end of the partition
221 to the rear end of the inner circumferential surface
221A. Thus, the first seal chamber 22A is defined be-
tween the inner circumferential surface 221 B of the par-
tition 221 and the outer circumferential surface 7F of the
tapered portion of the drive shaft 7 so that its sectional
area decreases from a position adjacent to the opening
33A of the slanted passage 33 toward the clearance A.
Therefore, the flow of refrigerant gas flowing into the first
seal chamber 22A through the slanted passage 33 is
restricted in passing through the passage formed be-
tween the inner circumferential surface 221 B and the
outer circumferential surface 7F and the refrigerant gas
is flowed into the second seal chamber 22B through the
clearance Aatanincreased velocity. The rest of the struc-
ture of the compressor of the fourth embodiment is sub-
stantially the same as that of the compressor 1 of the first
embodiment.

[0037] The refrigerant gas thus having increased its
velocity is supplied to the lip seal 10 and passes close
to the lip seal 10. Although the lip seal 10 is heated by
the heat produced in the sliding surfaces between the lip
seal 10 and the drive shaft 7, the amount of heat that is
released from the lip seal 10 to refrigerant gas is in-
creased because the velocity of the refrigerant gas that
passes close to the lip seal 10 is increased. Therefore,
heat generation of the lip seal 10 is decreased thereby
to further enhance the reliability of the lip seal 10.
[0038] Referring to Fig. 6, a part of the variable dis-
placement compressor of the fifth embodiment is shown.
The compressor of the fifth embodiment differs from that
of the first embodiment in that the partition 21 of the first
embodiment is replaced by an annular partition 321.
[0039] As shown in Fig. 6, the annular partition 321 is
fixed to the front end of the lug plate 11 for rotation there-
with. The partition 321 serves to partition the shaft seal
chamber 22 into the first seal chamber 22A and the sec-
ond seal chamber 22B and the clearance A is formed
between the partition 321 and the drive shaft 7 as in the
first embodiment. The front end of the partition 321 is
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formed so as to cover the tapered portion of the lip seal
10. The partition 321 has a slanted inner circumferential
surface 321C that is substantially parallel to the outer
circumferential surface 10B of the tapered portion of the
lip seal 10, Clearance C is formed between the outer
circumferential surface 10B of the tapered portion of the
lip seal 10 and the slanted inner circumferential surface
321C of the partition 321 and serves as the second guide
passage of the present invention. Therefore, the refrig-
erant gas flowed into the first seal chamber 22A through
the slanted passage 33 then flows into the second seal
chamber 22B through the clearances A and C. Because
the refrigerant gas flowed into the clearance C is pre-
vented from diffusing radially outward by the slanted in-
ner circumferential surface 321C of the partition 321, sub-
stantially all the refrigerant gas flowed into the clearance
C passes close to the sliding surfaces between the drive
shaft 7 and the lip seal 10. The rest of the structure of
the compressor of the fourth embodiment is substantially
the same as that of the compressor 1 of the first embod-
iment.

[0040] Thus, providing the partition 321 with the clear-
ance C allowing the refrigerant gas flowed through the
clearance A to flow along the outer circumferential sur-
face 10B of the lip seal 10, the refrigerant gas supplied
to the lip seal 10 through the clearance A is substantially
all prevented from diffusing radially outward by the slant-
ed inner circumferential surface 321C of the partition 321
and passes close to the sliding surfaces between the
drive shaft 7 and the lip seal 10. Therefore, lubricating
oil is supplied positively to the sliding surfaces between
the drive shaft 7 and the lip seal 10.

[0041] Referring to Fig. 7, a part of the variable dis-
placement compressor of the sixth embodiment is
shown. The compressor of the sixth embodiment differs
from that of the third embodiment in that the partition 121
of the third embodiment is replaced by the partition 321
of the fifth embodiment. In the following description of
the sixth embodiment, like reference numerals or sym-
bols denote the like elements or parts of the compressor
used in the description of the first and third embodiments
and the detailed description of such elements or parts
will be omitted.

[0042] As shown in Fig. 7, an annular partition 421 is
disposed between the lip seal 10 and the radial roller
bearing 108 in the shaft seal chamber 122. The partition
421 is located so as to cover the opening 133A of the
slanted passage 133 and fixed to the outer circumferen-
tial surface of the large-diameter portion of the drive shaft
107 for rotation therewith. The partition 421 serves to
partition the shaft seal chamber 122 into the first seal
chamber 122A and the second seal chamber 122B and
the clearance D is formed between the partition 421 and
the drive shaft 107 as in the third embodiment. The clear-
ance D serves as the first guide passage of the present
invention. The front end of the partition 421 is formed so
as to cover the tapered portion of the lip seal 10 and has
a slanted inner circumferential surface 421C that is sub-
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stantially parallel to the outer circumferential surface 10B
of the tapered portion of the lip seal 10 as in the fifth
embodiment. Clearance C is formed between the outer
circumferential surface 10B of the tapered portion of the
lip seal 10 and the slanted inner circumferential surface
421C of the partition 421 and serves as the second guide
passage of the presentinvention. The rest of the structure
of the compressor of the sixth embodiment is substan-
tially the same as that of the compressor 1 of the first
embodiment,

[0043] Thus, the compressor of the sixth embodiment
wherein the partition 421 is fixed on the drive shaft 107
offers substantially the same effects as that of the fifth
embodiment.

[0044] Although in each of the first through sixth em-
bodiments a single slanted passage is formed in the drive
shaft, a plurality of such slanted passages may be formed
in the drive shaft.

[0045] In the third through sixth embodiments, the ra-
dial roller bearing may be replaced by the plain bearing
51 in the second embodiment.

[0046] Although in each of the fifth and sixth embodi-
ments the partition covers the outer circumferential sur-
face 10B of the tapered portion of the lip seal 10, the
region of the lip seal 10 to be covered by the partition is
not limited to the tapered portion but it may include the
outer circumferential surface of the lip seal 10 that is par-
allel to the axial direction of the drive shaft.

[0047] In each of the fifth and sixth embodiments, the
inner circumferential surface of the partition that defines
the first seal chamber may be formed as in the fourth
embodiment. That is, the partition may be formed with
the inside diameter thereof decreased from the rear end
of the partition to the clearance A or D.

[0048] Although in each of the fifth and sixth embodi-
ments the inner circumferential surface of the partition
that forms the clearance C is substantially parallel to the
outer circumferential surface 10B of the tapered portion
ofthe lip seal 10, the positional relation between the inner
circumferential surface of the partition and the outer cir-
cumferential surface 10B of the lip seal 10 is not limited
to the parallel disposition. The inner circumferential sur-
face of the partition may be inclined in any way as long
as the surface prevents refrigerant gas from diffusing ra-
dially outward.

[0049] A variable displacement compressor includes
a housing, a rotary shaft, a bearing, a seal member, a
shaft seal chamber, a discharge refrigerant passage and
a partition. The partition is provided in the shaft seal
chamber for partitioning the shaft seal chamber into a
first seal chamber to which the discharge refrigerant pas-
sage is opened and a second seal chamber part of the
periphery of which is formed by the bearing and the seal
member. The partition is provided with a first guide pas-
sage through which refrigerant containing lubricating oil
flowed from the discharge refrigerant passage into the
first seal chamber is substantially all supplied to the seal
member of the second seal chamber.
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Claims

1. Avariable displacement compressor (1) comprising;
a housing (3, 103) having a crank chamber (4,104);
arotary shaft (7, 107) disposed in the crank chamber
(4, 104) with at least one end thereof exposed out-
side the housing (3, 103);

a bearing (8, 108) disposed in the housing (3, 103)
for rotatably supporting the rotary shaft (7, 107);

a seal member (10) disposed in the housing (3, 103)
at a position between the exposed end of the rotary
shaft (7,107) and the bearing (8, 108) for preventing
refrigerant mixed with lubricating oil from leaking out
of the housing (3, 103) along the rotary shaft (7, 107);
a shaft seal chamber (22, 122) defined by the hous-
ing (3, 103), the rotary shaft (7, 107), the bearing (8,
108) and the seal member (10); and

a discharge refrigerant passage (33, 133) formed in
therotary shaft (7, 107), wherein the refrigerant flows
into the shaft seal chamber (22, 122) through the
discharge refrigerant passage (33,133);
characterized in that

a partition (21,121,221,321,421) is provided in the
shaft seal chamber (22, 122) for partitioning the shaft
seal chamber (22, 122) into a first seal chamber
(22A, 122A) to which the discharge refrigerant pas-
sage (33, 133) isopened and asecond seal chamber
(22B, 122B) part of the periphery of which is formed
by the bearing (8, 108) and the seal member (10),
wherein the partition (21, 121, 221, 321, 421) is pro-
vided with a first guide passage (A, B, D) through
which the refrigerant flowed from the discharge re-
frigerant passage (33, 133) into the first seal cham-
ber (22A, 122A) is substantially all supplied to the
seal member (10) of the second seal chamber (22B,
122B).

2. The variable displacement compressor (1) accord-
ing to claim 1, characterized in that a lug plate (11)
is fixed on the rotary shaft (7, 107) for rotation there-
with, wherein the shaft seal chamber (22) is defined
by the housing (3, 103), the rotary shaft (7), the lug
plate (11), the bearing (8) and the seal member (10).

3. The variable displacement compressor (1) accord-
ing to claim 2, characterized in that the partition
(21, 221, 321) is provided on the lug plate (11).

4. The variable displacement compressor (1) accord-

ing to claim 1, characterized in that the partition
(21, 221, 321) is provided on the rotary shaft (7).

5. The variable displacement compressor (1) accord-
ing to any one of claims 1 through 4, characterized
in that the first guide passage (A, B, D) is formed
between the end of the partition (21, 121, 221, 321,
421) and the outer surface (7D, 107D) of the rotary
shaft (7, 107).
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The variable displacement compressor (1) accord-
ing to claim 5, characterized in that the first guide
passage (A, B, D) is formed along the outer surface
(7D, 107D) of the rotary shaft (7, 107) and toward
the seal member (10).

The variable displacement compressor (1) accord-
ing to any one of claims 1 through 6, characterized
in that the first seal chamber (22A, 122A) is defined
between the partition (21, 121, 221, 321, 421) and
the rotary shaft (7, 107) so that an area of the first
seal chamber (22A, 122A) decreases from a position
adjacent to the discharge refrigerant passage (33,
133) toward the first guide passage (A, B, D).

The variable displacement compressor (1) accord-
ing to any one of claims 1 through 7, characterized
in that the partition (321, 421) is further provided
with a second guide passage (C) through which the
refrigerant flowed through the first guide passage (A,
B, D) is allowed to flow along an outer circumferential
surface (10B) of the seal member (10).
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FIG. 4

13

12 136 il 103
EPANNON
107F
122A 104,
1228 _
122 133A
10
133
J/,432
131
107
107D
10B7 121A
121



EP 2 107 245 Al

FIG. 5

12 H 3
o /
N\
22A /4
208 ___ '
22
5 33A
A 33
f 32
s
9 ’
{
7
221B
7D
10B 204

14



EP 2 107 245 Al

15



EP 2 107 245 Al

I/Z I)BG R y:’:
135 <
107F
122A 104
1228
l'gz 133A
133
el fl32
= -
s ve—— I//
107
107D
C
108
421C
421A
42! p Vo
(08 13

16




EP 2 107 245 Al

D)

Europiisches
Patentamt
European
Patent Office

Office européen
des brevets

=N

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 09 15 6176

DOCUMENTS CONSIDERED TO BE RELEVANT
Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X US 7 178 450 B1 (BAKER JAMES ALLEN [US] ET(1-8 INV.
AL) 20 February 2007 (2007-02-20) FO4B27/10
* abstract; figures 3-5 *
* column 4, line 44 - column 5, line 20 *
A,D |EP 1 717 445 A (TOYOTA JIDOSHOKKI KK [JP])([1-8
2 November 2006 (2006-11-02)
* abstract; claims 1-3; figures 2,3 *
A US 4 061 443 A (BLACK DENNIS A ET AL) 1
6 December 1977 (1977-12-06)
* abstract; figures *
TECHNICAL FIELDS
SEARCHED (IPC)
FO4B
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner

Munich 13 July 2009

Pinna, Stefano

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

17




EPO FORM P0459

EP 2 107 245 Al

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 09 15 6176

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

13-07-2009
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 7178450 Bl 20-02-2007 AT 409281 T 15-10-2008
EP 1772627 Al 11-04-2007
EP 1717445 A 02-11-2006 CN 1854517 A 01-11-2006
JP 2006307700 A 09-11-2006
KR 20060113377 A 02-11-2006
US 2006245939 Al 02-11-2006
US 4061443 A 06-12-1977 AU 512033 B2 18-09-1980
AU 3097077 A 31-05-1979
DE 2752797 Al 08-06-1978
FR 2372973 Al 30-06-1978
GB 1558685 A 09-01-1980
IT 1090831 B 26-06-1985
JP 1220951 C 26-07-1984
JP 53069911 A 21-06-1978
JP 58053198 B 28-11-1983
SE 7713630 A 03-06-1978

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

18



EP 2 107 245 Al
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 4179874 A[0002] e JP 2006307700 A [0003]

19



	bibliography
	description
	claims
	drawings
	search report

