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(54) COMPRESSOR

(57) A rotary valve (71) of a compressor is formed
with a release path (71e) configured to release a high FIG. 3
pressure residual refrigerant which have not been dis-
charged in a compression and discharge stroke from one
cylinder bores (B4) which is in an initial stage of its suction
stroke to other cylinder bores (Bs, B,) having a lower
pressure than the one cylinder bores (B4). The release
path (71e) is formed with an inlet (71f), a first outlet (71g),
a second outlet (71h), and a communication part (71k)
connecting the inlet and the outlets. During a time period
when the inlet (7 1f) of the release path (71e) is connected
to the cylinder bore (B4) which is in a initial state of its
suction stroke, the first outlet (71g) is connected to the
cylinder bore (B3) next to, in an opposite direction to the
rotational direction, the cylinder bore (B4) which is 180
degree opposite to the cylinder bore (B), and then, the
second outlet (71h) is connected to the cylinder bore (B,)
which is 180 degree opposite to the cylinder bore (B;).
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Description

TECHNICAL FIELD

[0001] The presentinvention relates to a compressor.
BACKGROUND ART
[0002] Japanese Patent Publication No. 3079743 dis-

closes acompressorin which pistons are accommodated
in cylinder bores arranged around a rotating shaft. The
pistons reciprocate according to rotation of the rotating
shaft. In this compressor, a rotary valve is provided with
a suction path for introducing a refrigerant gas into com-
pression chambers defined by the pistons in the cylinder
bores. The rotary valve connects the suction path to the
compression chambers sequentially in synchronization
with reciprocation of the pistons.

[0003] The rotary valve includes a release passage.
The release passage is configured to release a high pres-
sure residual gas that remains in one of the compression
chambers in which the piston therein is positioned at ap-
proximately an upper dead center thereof to other com-
pression chambers in which the piston therein is posi-
tioned at approximately a lower dead center thereof.
[0004] This configuration reduces the high pressure
residual gas which remains in the compression chamber
after the compression and discharge stroke of the asso-
ciated piston. That is, the amount of the high pressure
residual gas which would otherwise be re-expanded in a
suction stroke is decreased. Thereby, a larger amount
of the refrigerant gas can be suctioned into the compres-
sion chamber during suction strokes, so as to improve
the suction efficiency and the compression efficiency of
the compressor.

DISCLOSURE OF THE INVENTION

[0005] Ingeneral,itis considered that a highly efficient
compressor is achieved when high pressure residual gas
is released from one of the cylinder bores having a piston
positioned at the top dead center (a cylinder bore at an
end of an compression and discharge stroke, that is, a
cylinder bore at a beginning of the suction stroke) to an-
other of the cylinder bores which is located 180-degree
opposite to the one of the cylinder bores (a cylinder bore
at the end of the suction stroke, that is, a cylinder bore
at the beginning of the compression and discharge
stroke). The highly efficient compressor is achieved be-
cause these two cylinder bores would have the largest
pressure deference.

[0006] However, depending on layouts of the suction
path of the rotary valve, the residual gas may be unable
to be released from one of the cylinder bores having a
piston positioned around the upper dead center to an-
other of the cylinder bores located 180-degree opposite
to the one of the cylinder bores. One such example is a
structure in which a termination of a connection between
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a cylinder bore and a suction path of a rotary valve is set
after a time when a piston is positioned at a lower dead
center in the cylinder bore (see Japanese Patent No.
3079741). With this structure, the suction path is con-
nected to the cylinder bore right after an end of the pis-
ton’s suction stroke. Therefore, residual gas can not be
released, to one cylinder bore which is in a state right
after its suction stroke, from another cylinder bore which
is 180-degree opposite to the one cylinder bore (that is,
a cylinder bore right after its compression and discharge
stroke).

[0007] The present invention was developed in view
of the problems described in the related art, an object of
the present invention is to provide a compressor capable
of releasing a residual gas right after a compression and
discharge stroke, regardless of the layout of a suction
path of a rotary valve

[0008] An aspect of the present invention is a com-
pressor (1) comprising: an even number of at least four
cylinder bores (Bj) evenly spaced from each other in a
circumferential direction thereof around a drive shaft (10);
a suction chamber (7) separated from the cylinder bores
(Bj) by a first partition wall (9, 85) and communicating
with the cylinder bores (Bj) through suction holes (11j)
formed in the first partition wall; a discharge chamber (8)
separated from the cylinder bores (Bj) by a second par-
tition wall (9) and communicating with the cylinder bores
(Bj) through discharge holes (12j) formed in the second
partition wall; a piston (Pj) reciprocatably provided in
each of the cylinder bores (Bj) and configured to recip-
rocate in the cylinder bores (Bj) in response to rotation
of the drive shaft (10) so as to perform a suction stroke
and a compression and discharge stroke alternately; and
arotary valve (71) configured to be in rotary slidable con-
tact with the first partition wall while covering the suction
holes (11j) and to rotate in synchronizing with the rotation
of the drive shaft (10). The rotary valve (71) is formed
with: a suction path (71c) configured to open the suction
holes (11j) of the cylinder bores (Bj) subjected to the suc-
tion strokes so as to connect the cylinder bores (Bj) to
the suction chamber (7); and a release path (71e) con-
figured to release a high pressure residual refrigerant
which could not be discharged out in the compression
and discharge stroke from one of the cylinder bores (Bj)
subjected to an initial stage of the suction stroke to others
of the cylinder bores (Bj) having lower pressure than the
one of the cylinder bores (Bj). The release path (71e) is
formed with aninlet (71f), afirst outlet (71g) and a second
outlet (71h) which are provided on a rotational trajectory
to overlap with the suction holes (11j). The release path
(71e) is formed with a communication part (7 1k) provided
outside of the rotational trajectory and connecting the
inlet and the outlets. A time period when the inlet (71f)
of the release path (71e) is connected to a first one of
the cylinder bores (Bj) subjected to a initial state of the
suction stroke includes: an A-period when the first outlet
(719) is connected to a second one of the cylinder bores
(Bj) next to, in a direction opposite to the rotational direc-
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tion, a third one of the cylinder bores (Bj) which is located
180 degree opposite to the first one of the cylinder bores
(Bj), and after A-period, C-period when the second outlet
(71h) is connected to the third one of the cylinder bores
(Bj) which is located 180 degree opposite to the first one
of the cylinder bores (Bj).

[0009] In this application, a "suction stroke" is defined
as a duration when a piston moves from its upper (top)
dead centertoits lower (bottom) dead center,and a"com-
pression and discharge stroke" is defined as a duration
when a piston moves from its lower (bottom) dead center
to its upper (top) dead center. An "end of a compression
and discharge stroke" and a "beginning of a suction
stroke" are defined as a time when a piston is positioned
atits upper (top) dead center, an "end of a suction stroke"
and a "beginning of a compression and discharge stroke"
are defined as a time when a piston is positioned at its
lower (bottom) dead center.

[0010] Inthesuction stroke, afluidis suctioned through
the suction hole from the suction chamber into the cylin-
der bore. On the other hand, in the compression and
discharge stroke, a fluid is compressed within the cylinder
bore and the compressed fluid is discharged through the
discharge hole from the cylinder bore into the discharge
chamber.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

[Fig. 1] Fig. 1 is a sectional view of a compressor
according to a first embodiment of the presentinven-
tion.

[Fig. 2] Fig. 2 is a sectional view taken along with the
line Z-Z of Fig. 1, showing a positional relation be-
tween suction paths and a release path during a ro-
tation of a rotary valve.

[Fig. 3] Fig. 3 is a sectional view taken along with the
line Z-Z of Fig. 1, showing a positional relation be-
tween the suction paths and the release path during
the rotation of the rotary valve.

[Fig. 4] Fig. 4 is a sectional view taken along with the
line Z-Z of Fig. 1, showing a positional relation be-
tween the suction paths and the release path during
the rotation of the rotary valve.

[Fig. 5] Fig. 5 is a sectional view taken along with the
line Z-Z of Fig. 1, showing a positional relation be-
tween the suction paths and the release path during
the rotation of the rotary valve.

[Fig. 6] Fig. 6 is a sectional view taken along with the
line Z-Z of Fig. 1, showing a positional relation be-
tween the suction paths and the release path during
the rotation of the rotary valve.

[Fig. 7] Fig. 7 is a view of superimposed pressure
curves of pressures in a cylinder bore B4, a cylinder
bore B;and a cylinderbore B,; the solid line indicates
the pressure curve of the cylinder bore By; the chain
line indicates the pressure curve of the cylinder bore
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Bs; and the two-dot chain line indicates the pressure
curve of the cylinder bore B,.

[Fig. 8] Fig. 8 is a view enlarging a term in the view
of Fig. 7, showing an initial stage of a suction stroke
in the cylinder bore B;.

[Fig. 9] Fig. 9 is a front view of the rotary valve of the
compressor according to the first embodiment.
[Fig. 10] Fig. 10 is a front view of a first modification
of the rotary valve of the compressor according to
the first embodiment.

[Fig. 11] Fig. 11 is a front view of a second modifi-
cation of the rotary valve of the compressor accord-
ing to the first embodiment.

[Fig. 12] Fig. 12 is a sectional view of a compressor
according to the second embodiment of the present
invention.

[Fig. 13] Fig. 13 is a sectional view taken along the
Z-Z of Fig. 12, showing a positional relation between
suction paths and a release path during a rotation of
a rotary valve.

[Fig. 14] Fig. 14 is a sectional view taken along the
line Z-Z of Fig. 12, showing a positional relation be-
tween the suction paths and the release path during
the rotation of the rotary valve.

[Fig. 15] Fig. 15 is a sectional view taken along the
line Z-Z of Fig. 12, showing a positional relation be-
tween the suction paths and the release path during
the rotation of the rotary valve.

[Fig. 16] Fig. 16 is a sectional view taken along the
line Z-Z of Fig. 1, showing a positional relation be-
tween the suction paths and the release path during
the rotation of the rotary valve.

[Fig. 17] Fig. 17 is a sectional view taken along the
line Z-Z of Fig. 1, showing a positional relation be-
tween the suction paths and the release path during
the rotation of the rotary valve.

[Fig. 18] Fig. 18 is an expanded view of an outer
peripheral surface of the rotary valve of the compres-
sor according to the second embodiment.

[Fig. 19] Fig. 19 is a sectional view of a first modifi-
cation of the rotary valve of the compressor accord-
ing to the second embodiment.

[Fig. 20] Fig. 20 is a sectional view of a second mod-
ification of the rotary valve of the compressor accord-
ing to the second embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0012] Embodiments of a compressor according to the
present invention will be described with reference to the
drawings.

(First embodiment)

[0013] A compressor of a first embodiment will be de-
scribed with reference to Figs. 1 to 9.

[0014] Fig. 1 is a sectional view of the compressor of
the first embodiment and Fig. 2 is a sectional view taken
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along the line Z-Z of Fig. 1. The compressor 1 of the
present embodiment is a swash plate type variable ca-
pacity compressor as shown in Fig. 1. The compressor
1 has a cylinder block 2 which has substantially column-
shaped cylinder bores Bj (The "j" refers to "1 to 6" in this
embodiment) arranged in the circumferential direction at
regular intervals (see Fig. 2), a front head 4 which is at-
tached to a front end of the cylinder block 2 and forms
therein a crank chamber 5 communicating with the cyl-
inder bores Bj, a valve plate 9 which constitutes a first
partition wall and a second partition wall, and a rear head
6 which is attached to a rear end of the cylinder block 2
with the valve plate 9 therebetween so as to form therein
a suction chamber 7 and a discharge chamber 8. The
cylinder block 2, the front head 4 and the rear head 6 are
attached and fastened together with through bolts 13 to
constitute an overall housing of the compressor.

[0015] A gasket53is provided between the valve plate
9 and the rear head 6 to seal the suction chamber 7 and
the discharge chamber 8. A gasket 54 is provided be-
tween the valve plate 9 and the cylinder block 2 to seal
the cylinder bores Bj.

[0016] The valve plate 9 is formed in a substantially
circular disk shape. The valve plate 9 is formed with suc-
tion holes 11j (The "}" refers to "1 to 6" in this embodi-
ment.) corresponding to the cylinder bores Bj to commu-
nicate the cylinder bores Bj with the suction chamber 7,
and discharge holes 12j (The "j" refers to "1 to 6" in this
embodiment) corresponding to the cylinder bores Bj to
communicate the cylinder bores Bj with the discharge
chamber 8.

[0017] On the rear head 6 side of the valve plate 9, a
suction valve mechanism 70 is provided to open and
close the suction holes 11j and a discharge valve mech-
anism 60 is provided to open and close the discharge
hole 12j, as described below in detail.

[0018] A drive shaft 10 is rotatably supported by radial
bearings 15, 19 at center through holes 14, 18 of the front
head 4 and the cylinder block 2 so that the drive shaft 10
is rotatable in the crank chamber 5.

[0019] A thrust bearing 20 is provided between an in-
ner surface of the front head 4 and a front end surface
of the rotor 21 fixed to the drive shaft 10 in the crank
chamber 5. A thrust bearing 16 is provided between a
step portion formed on the drive shaft 10 and an adjusting
screw 17 fixed to the center through hole 14 of the cylinder
block 2. This structure prevents axial movements of the
drive shaft 10.

[0020] In the crank chamber 5, a conversion mecha-
nism is provided to convert the rotary motion of the drive
shaft 10 into reciprocation motion of the pistons Pj (The
"[" refers to "1 to 6" in this embodiment). The conversion
mechanism includes the circular disk shaped rotor 21
fixed to the drive shaft 10, a circular disk shaped swash
plate 24 axially slidable on and attached at an inclination
to the drive shaft 10, and a linkage mechanism 40 con-
necting the rotor 21 and the swash plate 24 so that the
rotor 21 and the swash plate 24 rotate together with al-
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lowing an inclination angle of the swash plate 24 to
change. The respective pistons Pj are attached to the
outer peripheral part of the swash plate 24 with a pair of
hemispherical-shaped piston shoes 30, 30. When the
swash plate 24 rotates, the pistons Pj reciprocate within
the cylinder bores Bj according to the inclination angle
of the swash plate 24. As the pistons Pj reciprocate, a
refrigerant is suctioned from the suction chamber 7 into
the cylinder bores Bj through the suction holes 11j of the
valve plate 9 and compressed in the cylinder bores Bj.
The compressed refrigerant is discharged to the dis-
charge chamber 8 through the discharge holes 12j of the
valve plate 9.

[0021] When the swash plate 24 moves toward the cyl-
inder block 2 against the return spring 52, the inclination
angle of the swash plate 24 decreases. On the other
hand, the inclination angle of the swash plate 24 is in-
creased when the swash plate 24 moves away from the
cylinder block 2 against a return spring 51.

Control of Variable Capacity

[0022] In order to change the amount of discharged
refrigerant, the inclination angle of the swash plate 24 is
changed so as to change the piston stroke. Concretely,
based on a pressure difference (pressure balance) be-
tween a crank chamber pressure Pc in back of (below)
the pistons Pj and a suction chamber pressure Ps in front
of (above) the pistons Pj, the inclination angle of the
swash plate 24 is changed so as to change the piston
stroke. For this purpose, the variable capacity compres-
sor includes a pressure control mechanism. The pres-
sure control mechanism includes a gas discharge pas-
sage (not shown) which communicates the crank cham-
ber 5 with the suction chamber 7, a gas supply passage
(not shown) which communicates the crank chamber 5
with the discharge chamber 8, and a control valve 33
provided in the midstream of the gas supply passage to
open and close the gas supply passage.

[0023] The gas discharge passage is kept open re-
gardless of opening and closing the gas supply passage
controlled by the control valve 33, so that the refrigerant
gasinthe crank chamber 5 constantly flows to the suction
chamber 7 through the gas discharge passage.

[0024] When the control valve 33 opens the gas supply
passage, the high-pressure refrigerant flows from the dis-
charge chamber 8 into the crank chamber 5 through the
gas supply passage. This increases the pressure in the
crank chamber 5. When the pressure in the crank cham-
ber 5 increases, the swash plate 24 decreases its incli-
nation angle as it movies toward the cylinder block 2. As
a result, the piston stroke decreases and the amount of
discharge of the compressor decreases.

[0025] On the other hand, when the control valve 33
closes the gas supply passage, the pressure difference
between the pressure in the suction chamber 7 and the
pressure in the crank chamber 5 is equalized. As aresult,
the inclination angle of the swash plate 24 increases as
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the swash plate 24 moves away from the cylinder block
2, so that the piston stroke increases and the amount of
discharge of the compressor increases.

Valve System

[0026] Next, valve systems 60, and 70 will be de-
scribed.
[0027] A discharge valve mechanism 60 will be ex-

plained with reference to Fig. 1. The discharge valve
mechanism 60 has a discharge valve plate 61. The dis-
charge valve plate 61 is supported between the valve
plate 9 and the rear head 6 as shown in Fig. 1. The dis-
charge valve plate 61 is configured in an elastic and flex-
ible thin plate (such as a thin metal plate) and has reed
valves 63 located to correspond to the discharge holes
12j. When a pressure in the cylinder bore Bj is equal to
or less than a predetermined level, the reed valve 63
keeps the discharge hole 12j closed and, when the pres-
sure in the cylinder bore Bj is greater then the predeter-
mined level, the reed valve 63 is deformed to open the
discharge hole 12j. In other words, the reed valve 63
closes the discharge hole 12j during a suction stroke and
a compressing stroke but opens the discharge hole 12j
during a discharging stroke after the compressing stroke.
Stoppers 65 provided on the gasket 53 stop the reed
valves 63 at their maximum lift positions.

Next, a suction valve mechanism 70 will be described in
further detail with reference to Figs. 1 and 2.

[0028] The suction valve mechanism 70 includes a ro-
tary valve 71, a stopper 73 and a coil spring 75 as a spring
member. The rotary valve 71, stopper 73 and coil spring
75 are all disposed in the suction chamber 7 as shown
in Fig. 1.

[0029] The rotary valve 71 is configured in a substan-
tially circular disk shape with a center through hole 71b
at the center of the rotary valve 71. An axial end 10a of
the drive shaft 10 is mounted in the center through hole
71 b of the rotary valve 71 and extends through the center
through hole 9c of the valve plate 9 into the suction cham-
ber 7. The center through hole 71b of the rotary valve 71
and the axial end 10a of the drive shaft 10 are formed in
the same noncircular shape (a hexagonal shape in this
embodiment) as shown in Fig. 2 so that the rotary valve
71 is axially slidable with respect to the driving shaft 10
and rotate together with the drive shaft 10.

[0030] Axial movements of the stopper 73 are limited
by a bolt 77 which serves as a fastening means at the
axial end 10a of the drive shaft 10. The stopper 73 has
a pair of arms 73d extending toward and being connected
to the rotary valve 71 so that the stopper 73 rotates to-
gether with the rotary valve 71. The coil spring 75 is com-
pressed and supported between the stopper 73 and the
rotary valve 71 so that the rotary valve 71 is always in
close contact with the valve plate 9 as biased to the valve
plate 9.

[0031] The rotary valve 71, as shown in Fig. 2, has a
suction path 71c penetrating therethrough and formed in
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a circular arc hole shape. When the rotary valve 71 ro-
tates, the suction path 71c of the rotary valve 71 sequen-
tially overlaps with the suction holes 11j of the valve plate
9 to open the suction holes 11j in sequence (see Figs. 2
to 6).

[0032] Next, the timing of the valve open period when
the suction hole 11j is opened by the suction path 71c
will be explained with reference to Figs. 2 to 6. Here, the
timing of the valve open period when the suction holes
11j is opened by the suction path 71c is set in synchro-
nization with the suction stroke of the piston P;j.

[0033] Figs. 2 to 6 show a process from when cylinder
bore B, starts a suction stroke (Fig. 2) to just before the
cylinder bore B, starts to communicate with the suction
path 71c (Fig. 6), in a sequential order.

[0034] In a position shown in Fig. 2, the piston P, of
the cylinder bore B is positioned at the upper (top) dead
center and the piston P, of the cylinder bore B, located
180 degree opposite to the cylinder bore B, is positioned
at the lower (bottom) dead center. Thus, in the position
shown in Fig. 2, the piston P1 of the cylinder bore B4
finishes its compressing and discharging stroke and is
going to start its suction stroke, and the piston of the
cylinder bore B, is going to start its compressing and
discharging stroke and finish its suction stroke. Further,
the cylinder bores B, and B; which are located between
the cylinder bore B, subjected to the upper dead center
state and the cylinder bore B, subjected to the lower dead
center state are subjected to compressing strokes. The
cylinder bores B and Bg which are located between the
cylinder bore B, subjected to the lower dead center state
and the cylinder bore B4 subjected to the upper dead
center state are subjected to suction strokes.

[0035] In such a position shown in Fig. 2, the suction
path 71c does not communicate with the suction hole 114
of the cylinder bore B subjected to the upper dead center
state but communicates with the suction hole 11, of the
cylinder bore B, subjected to the lower dead center state
and communicates with the suction holes 115, 114 of the
cylinder bores Bs, Bg subjected to the suction strokes.
[0036] Thus, regarding the cylinder bore B, in Figs. 2
to 6, a start timing of the valve open period in which the
suction hole 11, (see Fig. 5) is opened by the suction
path 71c is set later than the timing at which the piston
P, in the cylinder bore B, is positioned at the upper dead
center (Fig. 2). Further, regarding the cylinder bore B, in
Figs. 2 to 6, an end timing of the valve open period in
which the suction hole 11, is opened by the suction path
71c (Fig. 4) is set after the timing at which the piston P,
in the cylinder bore B, is positioned at the lower dead
center (Fig. 2).

[0037] In other words, regarding the cylinder bore By,
the piston P, is positioned at the upper dead center in
Fig. 2, and after that, the valve open period during which
the suction hole 11, is opened by the suction path 71
starts as shown in Fig. 4. Further, regarding the cylinder
bore By, the piston P, is positioned at the lower dead
center in Fig. 2, and after that, the valve open period
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during which the suction hole 11, is opened by the suction
path 71c ends as shown in Fig. 5.

[0038] That s, in each cylinder bore Bj, the start time
of the valve open period when the suction hole 11j is
opened by the suction path 71c is set after the time at
which the piston Pj is positioned at its upper dead center,
and the end time of the valve open period when the suc-
tion hole 11j is opened by the suction path 71c is set after
the time that the piston Pj is positioned at its lower dead
center.

[0039] As described above, in each cylinder bores Bj,
the end timing of the valve open period when the suction
hole 11j is opened by the suction path 71c is set after the
time the piston Pj is positioned at the lower dead center.
With this structure, suction gas is introduced into the cyl-
inder bore Bj even in an initial stage of the compression
and discharge stroke after the suction stroke (when the
piston Pj has started to move from the lower dead center
toward the upper dead center) because of an inertia of
a suction gas flow which was introduced during the suc-
tion stroke (while the piston Pj moves from the upper
dead center to the lower dead center). This increases
the suctioned amount so as to improve the suction effi-
ciency and the compression efficiency of the compressor
1.

Residual Pressure Release Structure

[0040] Aresidual pressure release structure will be de-
scribed with reference to Figs. 2 to 9.

[0041] As shownin Figs. 1106 and 9, the rotary valve
71 has arelease path 71e.

[0042] The release path 71e is formed as a groove
which is a recess on a surface of the rotary valve 71. The
release path 71e has an inlet 71f, two outlets 71g, 71h,
and a communication part 71k which communicates the
inlet 71fand the outlets 71g, 71h. The inlet 71f and outlets
7 149, 7 1hare provided on a rotational trajectory which
is to overlap with the suction holes 11j and communicate
with the suction holes 11j in sequence as the rotary valve
71 rotates. The communication part 71k is positioned out
of the rotational trajectory so as not to overlap with the
suction holes 11].

[0043] The release path 71e is configured to release
a high-pressure residual refrigerant, which was not dis-
charged during the compressing and discharging stroke
and remained in one of the cylinder bores Bj in the initial
stage of the suction stroke, to other of the cylinder bores
Bj having a lower pressures than the one.

[0044] The following description will describe how the
release path 71e of the rotary valve 71 and the cylinder
bores Bj communicate with each other during a period
from the time of a beginning of the suction stroke in the
cylinder bore B, (Fig. 2) to the time just before the cylinder
bore B, starts to communicate with the suction path 71c
(Fig. 6), with reference to Figs. 2 to 6.

[0045] Through Figs. 2 to 6, the cylinder bore B is in
the initial stage of the suction stroke (that is, a period
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after the compressing and discharging stroke ends and
before the suction path 71c communicates with the cyl-
inder bore B4, in this example). While the release path
inlet 71fis communicating with the cylinder bore B, (Figs.
3 to 5), the first outlet 71 g firstly communicates with the
cylinder bore B located just rotationally-prior to the cyl-
inder bore B, which is 180 degree opposite to the cylinder
bore B4 as shown in Fig. 3. Then, as shown in Fig. 5, the
second outlet 71h communicates with the cylinder bore
B, which is 180 degree opposite to the cylinder bore By.
[0046] Hereinafter, "A-period" refers to a period when
the first outlet 71g communicates with the cylinder bore
Bs (Fig. 3) and "C-period” refers to a period when the
second outlet 71h communicates with the cylinder bore
B, (Fig. 5). Between the A-period (Fig. 3) and C-period
(Fig. 5), a "B-period" (Fig. 4) intervenes for a moment.
The "B-period is a period when the first outlet 71g com-
municates with the suction hole 115 of the cylinder bore
B3 and the second outlet 71h communicates with the
suction hole 11, of the cylinder bore B,.

[0047] Figs. 7 and 8 are graphs showing pressure
curves of pressures in the cylinder bore By, the cylinder
bore Bs, and the cylinder bore B, which are superim-
posed on one another. In Figs. 7 and 8, the solid line
indicates the pressure curve of the cylinder bore By4; the
chain line indicates the pressure curve of the cylinder
bore B3; and the two-dot chain line indicates the pressure
curve of the cylinder bore By.

[0048] In Figs. 7 and 8, "6" indicates a rotation angle
of the rotary valve. In Figs. 7 and 8, when the cylinder
bore B, is subjected to the upper dead center state (when
the piston P, of the cylinder bore B, is positioned at its
upper dead center), that is, when the cylinder bore B, is
subjected to the lower dead center state (when the piston
P, of the cylinder bore B, is positioned at its lower dead
center), the rotation angle 6 is indicated by 0° (= 360°).

[0049] Fig. 8 is an enlarged view of the initial stage (6
is from about 0° to about 30°) of the suction stroke in the
cylinder bore By. The arrows in Fig. 8 indicate flows of
the high pressure residual gas from the cylinder bore B4
to the cylinder bores B3 and B,. The A-period, B-period
and C-period in Fig. 8 correspond to the above described
A-period (Fig. 3), B-period (Fig. 4) and C-period (Fig. 5),
respectively.

[0050] According tothe presentembodimentas shown
in Fig. 8, regarding the cylinder bore B4 subjected to the
initial stage of the suction stroke, before the C-period
(Fig. 5) when the second outlet 71h communicates with
the cylinder bore B, which is 180 degree opposite to the
cylinder bore By, there is an A-period (Fig. 3) when the
first outlet 71g communicates with the cylinder bore B4
next to, in an opposite direction to the rotational direction,
the cylinder bore B, which is 180 degree opposite to the
cylinder bore B4. This configuration uses the cylinder
bore B3 located next to the cylinder bore B, in the direc-
tion opposite to the rotational direction, for the cylinder
bore B, subjected to the initial stage (A-period to C-pe-
riod) of the suction stroke. Regardless of the layout of
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the suction path 71c, the high pressure residual refriger-
antcan be released right after the end of the compression
and discharge stroke (that is, right after the beginning of
the suction stroke). Therefore, a high suction efficiency
and compression performance of the compressor can be
maintained.

[0051] Although the cylinder bore B, has been used
as one example in the above explanation in Figs. 2 to 6,
the release path 71e communicates with the other cylin-
der bores B, to Bg in sequence in the same way as the
cylinder bore By.

Effects

[0052] Next, effects of the present embodiment will be
described.

[0053] (1) The compressor 1 of the present embodi-
ment includes: four or more even numbers of cylinder
bores Bj spaced evenly apart from each other along the
circumferential direction around the drive shaft 10; the
suction chamber 7 separated from the cylinder bores Bj
by the first partition wall (or the valve plate 9 in this em-
bodiment) and communicating with the cylinder bores Bj
through the suction holes 11j formed in the first partition
wall; the discharge chamber 8 separated from the cylin-
der bores Bj by the second partition wall (or the valve
plate 9 in this embodiment) and communicating with the
cylinder bores Bj through discharge holes 12j formed in
the second partition wall; the pistons Pj configured to
reciprocate in the cylinder bores Bj; and the conversion
mechanism (21, 24, 40, 30) configured to convert the
rotation of the drive shaft 10 to the reciprocations of the
pistons Pj. The pistons Pj reciprocate in the respective
cylinder bores Bj, in order, in conjunction with the rotation
of the drive shaft 10 so that each cylinder bore Bj has its
suction stroke and its compression and discharge stroke
alternately. In the suction stroke, the refrigerant is suc-
tioned from the suction chamber 7 into the cylinder bore
Bj through the suction hole 11j. In the compression and
discharge stroke, the refrigerant is compressed in the
cylinder bores Bj and then the compressed refrigerant is
discharged to the discharge chamber 8 through the dis-
charge hole 12j. The compressor 1 further includes the
rotary valve 71 disposed to be in rotational, slidable con-
tact with the first partition wall 9 while covering the suction
hole 11j and connected to the drive shaft 10 so as to
rotate in synchronizing with the rotation of the drive shaft
(10). The rotary valve (71) is formed with a suction path
(71c) configured to open the suction holes 11j of the cyl-
inder bores Bj subjected to the suction strokes so as to
connect the cylinder bores Bj to the suction chamber 7.
The rotary valve 71 is formed with the release path 71e
to release a high pressure residual refrigerant which was
not discharged in the compression and discharge stroke
from one of the cylinder bores Bj subjected to an initial
stage of the suction stroke to others of the cylinder bores
Bj having a lower pressure than the one of the cylinder
bores Bj. The release path 71e is formed with the inlet
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71f, thefirstoutlet 71g and the second outlet 71h provided
on the rotational trajectory to overlap with the suction
holes 11j. The release path 71e is formed with the com-
munication part 71k provided outside the rotational tra-
jectory and communicating the inlet with the outlets.
[0054] During the time period when the inlet 71f of the
release path 71e communicates with first one of the cyl-
inder bore Bj which is in the initial state of the suction
stroke, (A) the first outlet 71g communicates with a sec-
ond one of the cylinder bores Bj next to, in a direction
opposite to the rotational direction (counter-rotational di-
rection), a third one of the cylinder bore Bj located 180
degree opposite to the first one of the cylinder bore Bj;
and after that, (C) the second outlet 71h communicates
with the third one of the cylinder bores Bj located at 180
degree opposite to the first one of the cylinder bores Bj.
[0055] Regardingthe cylinder bore B4 as one example,
in a time period (Figs. 3 to 5) during which the inlet 71f
of the release path 71e communicates with the cylinder
bore B, subjected to an initial state of its suction stroke
(that is, a period after a compression and discharge
stroke of the cylinder bore B, and before the suction path
71c communicates with the cylinder bore B,), the first
outlet 71g communicates with the cylinder bore B3 next
to, in the counter-rotational direction, the cylinder bore
B, located 180 degree opposite to the cylinder bore B,
(a A-period); and then, the second outlet 71h communi-
cates with the cylinder bore B, located 180 degree op-
posite to the cylinder bore B4( a C-period).

[0056] As described above, the present embodiment
uses the cylinder bore B3 next to, in the opposite direction
to the rotational direction, the cylinder bore B, located
180 degree opposite to the cylinder bore B, subjected to
the initial stage of the suction stroke. Thus, regardless
of the layout of the suction path 71c, the high pressure
residual refrigerant can be released right after the end of
the compression and discharge stroke (that is, right after
the beginning of the suction stroke). Therefore, a high
suction efficiency and compression performance of com-
pressor can be maintained.

[0057] Although the cylinder bore B, has been used
as one example in the explanation through Fig. 2 to 6,
the release path 71e communicates with the other cylin-
der bores B, to B6 by turns in the same way.

[0058] (2) According to the present embodiment, the
layout of the suction path 71c is designed such that the
start timing of the valve open period when the suction
hole 11j is opened by the suction path 71c is set later
than the timing when the piston Pj in the cylinder bore Bj
is positioned at its upper dead center.

[0059] In other words, regarding the cylinder bores By,
B, which are 180 degree opposite to each other, the end-
ing time (Fig. 4) of the valve open period when the suction
hole 11, is opened by the suction path 71c is set after
the timing shown in Fig. 2 in which the piston P, in the
cylinder bore B, is positioned at the lower dead center.
[0060] Therefore, the suction gasis introduced into the
cylinder bore Bj even after the suction stroke (the initial
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stage of the compression and discharge stroke, that is,
a stage in which the piston Pj has started to moves from
the lower dead center toward the upper dead center), by
the inertia of the suction gas flow which was introduced
during the suction stroke (that is, during a period when
the piston Pj moves from the upper dead center to the
lower dead center). This process increases the suction
amount of gas so as to improve the suction efficiency
and the compression efficiency of the compressor 1.
[0061] This structure, however, can not release the re-
sidual gas from one of the cylinder bores Bj having piston
Pj at the upper dead center to another of the cylinder
bore Bj 180 degree opposite to the one of the cylinder
bores Bj. In other words, as for the cylinder bores B, and
B, that are 180 degree opposite to each other, the resid-
ual gas can not be released from the cylinder bores B,
(Fig. 3) having piston Pj positioned right after the upper
dead center to the cylinder bore B, located 180 degree
opposite to the cylinder bore B,. In the same way, al-
though explanations by drawings are omitted here, in the
case of the cylinder bores B, and B that are 180 degree
opposite to each other and the case of the cylinder bores
B4 and B, that are 180 degree opposite to each other,
when their pistons are positioned right after the upper
dead center, a residual gas can not be released. There-
fore, the effect (1) will be more effective.

[0062] (3) According to the present embodiment, the
A-period and C-period are partially overlapped so that
the C-period follows A-period without a break therebe-
tween. This configuration allows release of the residual
gas without a break, and thereby, the suction efficiency
is further improved.

[0063] (4) The compressor 1 of the present embodi-
ment includes a rotatable drive shaft 10 extending into
the suction chamber 7 through the through hole 9c pro-
vided in the valve plate 9, and the plate shaped rotary
valve 71 connected to the drive shaft 10 within the suction
chamber 7 so as to rotate with the drive shaft 10 and
configured to open and close the suction holes 11j of the
valve plate 9 as rotating with the drive shaft 10; and the
stopper 73, which is axially immovable, attached to the
drive shaft 10, wherein the rotary valve 71 is axially sli-
dably attached to the drive shaft 10 and biased toward
the valve plate 9 by the coil spring 75 serving as a spring
supported by the stopper 73.

[0064] In other words, the rotary valve 71 rotates with
the drive shaft 10 with being axially slidable with respect
to the drive shaft 10 and is biased toward the valve plate
9 by the spring 75. With this structure, the rotary valve
71 is firmly in close contact with the valve plate 9, so that
the compressed high pressure medium in the cylinder
bores Bj does not substantially leak from the suction
holes 11j of the cylinder bores Bj through the gap between
the valve plate 9 and the rotary valve 71 into the suction
chamber 7. Thereby, the compression efficiency is im-
proved. Moreover, if the pressure within the cylinder
bores Bj was to increase excessively, the rotary valve 71
would move away from the valve plate 9 to release the
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excessively high pressure medium from the cylinder
bores Bj to the suction chamber 7. Therefore, the com-
pressor 1 of the present embodiment has a safety for the
excessively high pressure in the cylinder bores B;j.
[0065] Unlike the conventional art (for example, Jap-
anese Patent Application Laid-Open No. 8-144946, Figs.
3, 6, 9 and 12), the coil spring 75 is not in contact with
the rear head 6, so that vibration of the rotary valve 71
is not transmitted to the rear head 6 via the coil spring
75. Therefore, the compressor 1 of the present embod-
iment achieves improved suppression of vibration.
[0066] Moreover, the stopper 73 for the coil spring 75
rotates with the rotary valve 71 as one unit, unlike the
conventional art (for example, Japanese Patent Applica-
tion Laid-Open No. 8-144946, Fig. 3, 6, 9 and 12), so
there is no need to have a thrust bearing between the
coil spring and the rotary valve or between the coil spring
and the stopper. Therefore, cost is reduced since expen-
sive thrust bearings are not required.

[0067] Next, modifications of the first embodiment will
be explained. In modifications or embodiments described
below, the same reference numerals and symbols will be
used to designate the same elements as the elements
described in the first embodiment, and redundant de-
scription for the elements and its effects will be omitted.

(First modification)

[0068] Fig. 10 is a view of a rotary valve according to
a first modification of the first embodiment.

[0069] Although the rotary valve 71 of the first embod-
iment has the recessed communication part 71k of the
release path 71e which is recessed from the surface of
the rotary valve 71 in a groove shape (See, Fig. 9), the
rotary valve 71 of the first modification shown in Fig. 10
has a communication part 71k which penetrates through
the rotary valve 71 to form a hole therein. Such a first
modification can achieve the same or similar effect as
that of the first embodiment.

(Second modification)

[0070] Fig. 11 is a view of a rotary valve according to
a second modification of the first embodiment.

[0071] The rotary valve 71 of the first embodiment has
the release path 71e in which one communication part
71k communicates one inlet 71f with two outlets 71g, 71h
(See, Fig. 9). However, a rotary valve 71 of the second
modification shown in Fig. 11 has a release path 71e with
separate communication parts 71k-1, 71k-2 in which one
communication part 71k-1 connects an inlet 71f to a first
outlet 71g and the other communication part 71k-2 con-
nects the inlet 71f to a second outlet 71h. The commu-
nication part 71k-1 and the communication part 71k-2
meet in the middle. In other words, the communication
part 71k-1 and the communication part 71k-2 diverge
from each other in midstream. Such a second modifica-
tion can achieve the same or similar effect as that of the
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first embodiment.
(Second embodiment)

[0072] Next, a second embodiment according to the
present invention will be explained with reference to Figs.
12 to 18.

[0073] The compressor 1 of the first embodiment in-
cludes the plate-shaped rotary valve 71 configured to be
in slide contact with the valve plate 9. The compressor 1
according to the second embodiment includes a tubular-
shaped rotary valve 71A which is slidably received in a
center through hole 14 of a cylinder block 2. Other con-
figurations of the second embodiment are the same as
that of the first embodiment.

[0074] In particular, as shown in Figs. 12 and 13, a
tubular portion 83 projects from a rear end of the cylinder
block 2 around a circumferential edge of the center
through hole 1, and the tubular portion 83 of the cylinder
block extends into a suction chamber 7 of a rear head 6
through a center through hole 9c of the valve plate 9.
With this configuration, the center through hole 14 of the
cylinder block 2 communicates with the suction chamber
7. The valve plate 9 (or, a second partition wall) is formed
with discharge holes 12 and without a suction hole. How-
ever, suction holes 11j are formed at a partition wall 85
(or, a first partition wall) by which the center through hole
14 of the cylinder block 2 and the cylinder bores Bj are
separated from each other. The tubular rotary valve 71A
is rotationally slidably provided in the center through hole
14 of the cylinder block 2 and is connected with a drive
shaft 10, so that the rotary valve 71A can rotate with the
drive shaft 10 as an integral unit.

[0075] Similar to the first embodiment, the rotary valve
71Ais formed with a suction path 71¢ configured to com-
municate the suction chamber 7 to the suction holes 11j
of the cylinder bores Bj subjected to a suction stroke, in
turn, as the rotary valve 71A rotates. Like the first em-
bodiment, the rotary valve 71Ais provided with a release
path 71e. The release path 71e is formed as a recess
from a surface of the rotary valve 71A, and has an inlet
71f, a first outlet 7 1 g, a second outlet 71h, and a com-
munication part 71k connecting the inlet 71f to the outlets
71g, 71h. The inlet 71f and the outlets 71g, 71h are pro-
vided on a rotational trajectory which overlaps the suction
holes 11j so as to connect with the suction holes 11j in
sequential order as the rotary valve 71A rotates. The
communication part 71k is outside of the rotational tra-
jectory.

[0076] Figs. 13 to 17 show a connection process be-
tween the release path 71e and the cylinder bores B,
B, and Bj in a sequential order during an initial stage of
a suction stroke in the cylinder bore B,4. In a position
shown in Fig. 13, a piston P, of a cylinder bore B, is
positioned at its upper dead center and a piston P, of a
cylinder bore B, which is 180 degree opposite to the cyl-
inder bore B is positioned at its lower dead center. Thus,
in the position shown in Fig. 13, in cylinder bores B, and
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B3 which are located between the cylinder bore B sub-
jected to the upper dead center state and the cylinder
bore B, subjected to the lower dead center state, com-
pressing strokes are performed, and in cylinder bores B5
and B6 which are located between the cylinder bore B,
subjected to the lower dead center state and the cylinder
bore B4 subjected to the upper dead center state, suction
strokes are performed.

[0077] In a period (Figs. 14 to 16) during which the
release path inlet 71f is connected to the cylinder bore
B, subjected to the initial stage of the suction stroke, the
first outlet 71g communicates with the cylinder bore By
next to, in the counter-rotational direction, the cylinder
bore B, which is 180 degree opposite to the cylinder bore
B4 as shown in Fig. 14, and after that, the second outlet
71h communicates with the cylinder bore B, which is 180
degree opposite to the cylinder bore B, as shown in Fig.
16. Hereinafter, "A-period" refers to a period when the
first outlet 71g communicates with the cylinder bore B3
(Fig. 14) and "C-period" refers to a period when the sec-
ond outlet 71h communicates with the cylinder bore B,
(Fig. 16). Between the A-period (Fig. 14) and the C-period
(Fig. 16), there is a momentary B-period (Fig. 15) when
the first outlet 71g communicates with the suction hole
115 of the cylinder bore B; and the second outlet 71h
communicates with the suction hole 11, of the cylinder
bore By.

[0078] With this configuration, the same or similar ef-
fect as to the first embodiment can be achieved.

(First modification)

[0079] Fig. 19is a view of a rotary valve of a first mod-
ification of the second embodiment.

[0080] In the rotary valve 71A of the second embodi-
ment, the communication part 71k of the release path
71e is recessed from an outer circumferential surface of
the rotary valve 71A and formed in a groove shape (Figs.
13 and 18). The first modification has a communication
part 71k which penetrates the rotary valve 71A to form a
hole therein. Such a first modification can provide the
same or similar effect as that of the second embodiment.

(Second modification)

[0081] Fig. 20 is a view of a rotary valve of a second
modification of the second embodiment.

[0082] Therotaryvalve 71A ofthe second embodiment
is configured which a communication part 71k to connect
the inlet 71f with two of the outlets 71g, 71h (Figs. 13,
18). The second modification has separate communica-
tion parts 71k-1, 71k-2 in which the communication part
71k-1 connects an inlet 71f of a release path 71e with a
first outlet 71g and the communication part 71k-2 con-
nects the inlet 71f with a second outlet 71h. The commu-
nication part 71k-1 and the communication part 71k-2
are connected to each other in midstream. Such a second
modification can achieve the same or similar effect as



17 EP 2 045 466 A1 18

that of the second embodiment.

[0083] Itshould be appreciated that the present inven-
tion is not limited to the above detailed embodiments and
modifications.

[0084] For example, although each of the above de-
tailed embodiments has such a structure with six cylinder
bores, the presentinvention can be applied to a structure
having an even number of four or more cylinder bores
which is space apart from each other in a circumferential
direction. In addition, the present invention can be imple-
mented with various other modifications without depart-
ing from technical scope of the present invention.

Claims
1. A compressor (1) comprising:

an even number of at least four of cylinder bores
(Bj) evenly spaced from each other in a circum-
ferential direction thereof around a drive shaft
(10);

a suction chamber (7) separated from the cylin-
der bores (Bj) by a first partition wall (9, 85) pro-
vided with suction holes (11j) and configured to
communicate with the cylinder bores (Bj)
through the suction holes;

a discharge chamber(8) separated from the cyl-
inder bores (Bj) by a second partition wall (9)
provided with discharge holes (12j) and config-
ured to communicate with the cylinder bores (Bj)
through the discharge holes;

a piston (Pj) provided in each of the cylinder
bores (Bj) and configured to reciprocate in the
cylinder bores (Bj) in response to rotation of the
drive shaft (10) so as to perform a suction stroke
and a compression and discharge stroke alter-
nately; and

a rotary valve (71) configured to be in rotary sl-
idable contact with the first partition wall while
covering the suction holes (11j) and to rotate in
synchronizing with the rotation of the drive shaft
(10),

the rotary valve (71)includes:

a suction path (71c¢) configured to open the suc-
tion holes (11j) of the cylinder bores (Bj) sub-
jected to the suction strokes so as to connect
the cylinder bores (Bj) to the suction chamber
(7); and

arelease path (71e) configured to release a high
pressure residual refrigerant which could not be
discharged in the compression and discharge
stroke from one of the cylinder bores (Bj) sub-
jected to an initial stage of the suction stroke to
others of the cylinder bores (Bj) having a lower
pressure than the one of the cylinder bores (Bj),
the release path (71e) including: an inlet (71f),
a first outlet (71g) and a second outlet (71h)
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10

which are provided on a rotational trajectory to
overlap with the suction holes (11j); and a com-
munication part (71k) provided outside of the ro-
tational trajectory and connecting the inlet and
the outlets;

wherein, a time period when the inlet (71f) of the
release path (71e) is connected to a first one of
the cylinder bores (Bj) subjected to an initial
state of the suction stroke include: an A-period
when the first outlet (719g) is connected to a sec-
ond one of the cylinder bores (Bj) next to, in a
counter-rotational direction, a third one of the
cylinder bores (Bj) which is located 180 degree
opposite to the first one of the cylinder bores
(Bj), and after the A-period, a C-period when the
second outlet (71h) is connected to the third one
of the cylinder bores (Bj) which is 180 degree
opposite to the first one of the cylinder bores (Bj).

The compressor according to Claim 1, wherein

the A-period and the C-period are partially over-
lapped so that the C-period follows the A-period with-
out a break therebetween.
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