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(54) COMPRESSOR

(57)  An oil passage (51) is formed to communicate
with an oil reservoir (50) formed inside a casing (10) and
a suction space (25s) of a compression chamber. A
plunger (33) of a suction volume adjustment mechanism
(30) is disposed midway of the oil passage (51). The
plunger (33) includes a switching portion (65) closing the
oil passage (51) in a situation where a suction completion
position is moved to a first position to allow the oil reser-
voir (50) notto communicate with the suction space (25s),
and opening the oil passage (51) in a situation where the
suction completion position is moved to a second position
in which a suction volume is smaller than in the first po-
sition to allow the oil reservoir (50) to communicate with
the suction space (25s).
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Description
TECHNICAL FIELD

[0001] The presentdisclosure isdirectedtoacompres-
sor including a suction bypass mechanism configured to
change a position at which a suction process is complet-
ed and a compression process is started (hereinafter re-
ferred to as "suction completion position") to adjust a suc-
tion volume. The present disclosure relates to a tech-
nique of solving lubricant shortage in a compression
mechanism.

BACKGROUND ART

[0002] In conventional compressors, inverters are
widely used to allow the compressors to be used in var-
ious operations ranging from an operation at a high ro-
tational speed to an operation at a low rotational speed.
Generally, during an operation at a high rotational speed,
the flow rate of a refrigerant inside a compressor is in-
creased. This increases the amount of refrigerating ma-
chine oil to be sucked together with the refrigerant to be
supplied to a compression mechanism of the compres-
sor, resulting in an increase in the amount of the refrig-
erating machine oil to be discharged together with the
refrigerant compressed. Therefore, it has been desired
to reduce the amount of refrigerating machine oil to be
supplied to the interior of the compression mechanism.
[0003] Ithas been suggested to provide a capacity ad-
justing mechanism to a compression mechanism in order
to achieve performance of inverter control not only when
a compressor is operated at a high rotational speed
(hereinafter referred to as "the operation at the high op-
eration capacity") but also when the compressor is op-
erated at a low rotational speed (hereinafter referred to
as "the operation at the low operation capacity" (See Pat-
ent Document 1). At the low operation capacity, the op-
eration is generally performed at a low rotational speed,
and its performance is lower at the low rotational speed
than at the high rotational speed. In order to reduce per-
formance degradation at the low rotational speed, it is
preferable to allow the capacity adjusting mechanism to
reduce the suction volume to increase the rotational
speed.

[0004] For example, Patent Document 1 discloses a
suction bypass mechanism which adjusts a suction vol-
ume by changing a suction completion position in a scroll
compressor. The suction bypass mechanism of Patent
Document 1 includes a plunger (valve) serving as an
opening/closing mechanism allowing first and second
compression chambers to switch between a communi-
cating state and a shut-off state, the first compression
chamber being provided between the inner peripheral
surface of a fixed scroll and the outer peripheral surface
of an orbiting scroll, and the second compression cham-
ber being provided between the outer peripheral surface
of the fixed scroll and the inner peripheral surface of the
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orbiting scroll. If this suction bypass mechanism allows
the first and second compression chambers to commu-
nicate with each other, the suction completion position
is changed from the position of the shut-off state to a
position in which the suction volume is reduced. Accord-
ing to this configuration, in a situation where the operation
capacity is substantially constant, a smaller suction vol-
ume allows the compression mechanism to be operated
at a high rotational speed. This can achieve its perform-
ance.

CITATION LIST
PATENT DOCUMENT

[0005] [Patent Document 1] Japanese Unexamined
Patent Publication No. 2007-154761

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0006] However, in a situation where the compressor
is controlled at a low operation capacity, if the compressor
is tried to be rotated at a higher speed than a situation
where the capacity is not controlled, its performance can
be less reduced than the situation where the capacity is
not controlled. However, oil to be supplied to the com-
pression chamber is insufficient due to the low operation
capacity, and an oil film is not sufficiently formed inside
the compression mechanism, resulting in insufficient per-
formance.

[0007] Thatis to say, if oil loss at the high rotation ca-
pacity is reduced, oil supply necessary for forming the oil
film inside the compression mechanism at the low oper-
ation capacity is also insufficient. Thus, in the compres-
sor, it is actually difficult to reduce performance degra-
dation at the low operation capacity and oil loss at the
high operation capacity.

[0008] In view of the foregoing background, it is there-
fore an object of the present disclosure to provide a tech-
nique of improving performance of a compressor at a low
operation capacity while reducing oil loss at a high oper-
ation capacity.

SOLUTION TO THE PROBLEM

[0009] A first aspect of the present disclosure is direct-
ed to acompressor including: a compression mechanism
(20); and a casing (10) housing the compression mech-
anism (20), the compression mechanism (20) including
a suction volume adjustment mechanism (30) capable
of switching a suction completion position of a compres-
sion chamber (25a, 25b) in a suction process between a
first position and a second position in which the suction
volume is smaller than in the first position, the suction
volume adjustment mechanism (30) including a plunger
(33) switchable between a closed position in which the
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suction completion position is moved to the first position
and an open position in which the suction completion
position is moved to the second position.

[0010] This compressor furtherincludes an oil passage
(51) to allow an oil reservoir (18, 50) formed inside the
casing (10) and a suction space (25s) of the compression
chamber (25a, 25b) to communicate with each other, and
the plunger (33) is disposed midway of the oil passage
(51), and includes a switching portion (65) closing the oil
passage (51) in the closed position to allow the oil res-
ervoir (18, 50) not to communicate with the suction space
(25s) of the compression chamber (25a, 25b), and open-
ing the oil passage (51) in the open position to allow the
oil reservoir (50) to communicate with the suction space
(25s) of the compression chamber (25a, 25b).

[0011] According to the first aspect, if the suction com-
pletion position is in the first position, the plunger (33) is
in the closed position. At that time, the oil passage (51)
is blocked, and thus, no oil is supplied from the oil res-
ervoir (18, 50) to the suction space (25s) of the compres-
sion chamber (25a, 25b). In contrast, if the suction com-
pletion position is in the second position, in which the
suction volume is reduced, the plunger (33) is in the open
position. At that time, the oil passage (51) is opened, and
thus, oil is supplied from the oil reservoir (18, 50) to the
suction space (25s) of the compression chamber (25a,
25b) by a negative pressure in the suction space (25s).
[0012] A second aspect of the present disclosure is an
embodiment of the first aspect of the present disclosure.
In the second aspect, the compression mechanism (20)
is a compression mechanism (20) including a fixed scroll
(21), and an orbiting scroll (22) meshing with the fixed
scroll (21) and compressing a working fluid.

[0013] According to the second aspect, if in the scroll
compressor, the suction completion position is in the first
position and the plunger (33) is in the closed position,
the oil passage (51) is blocked. Thus, no oil is supplied
from the oil reservoir (18, 50) to the suction space (25s)
of the compression chamber (25a, 25b). If the suction
completion position is in the second position and the
plunger (33) is in the open position in which the suction
volume is reduced, the oil passage (51) is opened. Thus,
oil is supplied from the oil reservoir (18, 50) to the suction
space (25s) of the compression chamber (25a, 25b) by
the negative pressure.

[0014] A third aspect of the present disclosure is an
embodiment of the second aspect of the present disclo-
sure. In the third aspect, the oil passage (51) has one
end communicating with the oil reservoir (50) formed in
a crank chamber (23e) that is a space inside the housing
(23) of the compression mechanism (20), and the other
end communicating with the suction space (25s) of the
compression mechanism (20).

[0015] Accordingto the third aspect, if the suction com-
pletion position is in the second position and the suction
volume isreduced, the plunger (33) is in the open position
and the oil passage (51) is opened. Thus, oil is supplied
from the oil reservoir (18, 50) formed in the space (the
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crank chamber (23e)) inside the housing of the compres-
sion mechanism (20) to the suction space (25s) of the
compression chamber (25a, 25b) by the negative pres-
sure.

[0016] A fourth aspect of the present disclosure is an
embodiment of the second aspect of the present disclo-
sure. In the fourth aspect, the oil passage (51) includes
an orbiting-scroll-side oil passage (55) and a fixed-scroll-
side oil passage (52) communicating with the orbiting-
scroll-side oil passage (55), the orbiting-scroll-side oil
passage (55) has one end communicating with the fixed-
scroll-side oil passage (52), and the other end opposite
to one end and communicating with the oil reservoir (50),
and the fixed-scroll-side oil passage (52) has one end
communicating with the orbiting-scroll-side oil passage
(55), and the other end opposite to one end and commu-
nicating with the suction space (25s) of the compression
mechanism (20).

[0017] According to the fourth aspect, if the suction
completion position is in the second position and the suc-
tion volume is reduced, the plunger (33) is in the open
position and the oil passage (51) comprised of the orbit-
ing-scroll-side oil passage (55) and the fixed-scroll-side
oil passage (52) is opened. Thus, oil is supplied from the
oil reservoir (18, 50) to the suction space (25s) of the
compression chamber (25a, 25b) by the negative pres-
sure.

[0018] A fifth aspect of the present disclosure is an
embodiment of the second aspect of the present disclo-
sure. In the fifth aspect, the oil passage (51) has an oil
supply pipe (56) having one end communicating with the
oil reservoir (18) formed inside the casing (10), and the
other end communicating with the suction space (25s)
of the compression mechanism (20).

[0019] According to the fifth aspect, if the suction com-
pletion position is in the second position and the suction
volume is reduced, the plunger (33) is in the open position
and the oil passage (51) is opened. Thus, oil is supplied
from the oil reservoir (18, 50) formed in the casing (10)
to the suction space (25s) of the compression chamber
(254, 25b) by the negative pressure.

[0020] A sixth aspect of the present disclosure is an
embodiment of the second aspect of the present disclo-
sure. In the sixth aspect, the oil passage (51) has an oil
supply pipe (57) having one end communicating with an
oil supply pump (43a) provided to a drive shaft of the
compression mechanism (20), and the other end com-
municating with the suction space (25s) of the compres-
sion mechanism (20).

[0021] According tothe sixth aspect, if the suction com-
pletion position is in the second position and the suction
volume is reduced, the plunger (33) is in the open position
and the oil passage (51) is opened. Thus, oil is supplied
from the oil supply pump (43a) to the suction space (25s)
of the compression chamber (25a, 25b).

[0022] A seventh aspect of the present disclosure is
an embodiment of any one of the third to sixth aspects
of the present disclosure. In the seventh aspect, the oil
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passage (51) has a fixed scroll inner passage (53) pass-
ing through an interior of the fixed scroll (21) to commu-
nicate with the plunger (33) and the suction space (25s)
of the compression mechanism (20).

[0023] According to the seventh aspect, if the suction
completion position is in the second position and the suc-
tion volume is reduced, the plunger (33) is in the open
position and the oil passage (51) is opened. Thus, oil is
supplied to the suction space (25s) of the compression
chamber (25a, 25b) through the fixed scroll inner pas-
sage (53) in the interior of the fixed scroll (21).

[0024] An eighth aspect of the present disclosure is an
embodiment of any one of the third to sixth aspects of
the present disclosure. In the eighth aspect, the oil pas-
sage (51) has a fixed scroll outer passage (58) passing
through a space formed outside the fixed scroll (21) and
inside the casing (10) to communicate with the plunger
(33) and the suction space (25s) of the compression
mechanism (20).

[0025] According to the eighth aspect, if the suction
completion position is in the second position and the suc-
tion volume is reduced, the plunger (33) is in the open
position and the oil passage (51) is opened. Thus, oil is
supplied from the oil reservoir (18, 50) formed in the cas-
ing (10) to the suction space (25s) of the compression
chamber (25a, 25b) through the space formed outside
the fixed scroll (21) and inside the casing (10).

[0026] A ninth aspect of the present disclosure is an
embodiment of any one of the third to sixth aspects of
the present disclosure. In the ninth aspect, the suction
volume adjustment mechanism (30) has adischarge pas-
sage (60) discharging the working fluid from the plunger
(33) in the second position into a space formed outside
the fixed scroll (21) and inside the casing (10), and the
oil passage (51) has an oil mix passage (53a) having one
end communicating with the plunger (33), and the other
end communicating with the discharge passage (60).
[0027] According to the ninth aspect, if the suction
completion position is in the second position and the suc-
tion volume is reduced, the plunger (33) is in the open
position and the oil passage (51) including the oil mix
passage (53a) communicating with the discharge pas-
sage (60) is opened. Thus, oil is supplied from the oll
reservoir (18, 50) formed in the casing (10) to the suction
space (25s) of the compression chamber (25a, 25b)
through the space formed outside the fixed scroll (21)
and inside the casing (10).

[0028] A tenth aspect of the present disclosure is an
embodiment of any one of the one to ninth aspects of the
present disclosure. In the tenth aspect, the plunger (33)
is a cylindrical valve body, and has an outer surface pro-
vided with a circumferential groove (33d) that is disposed
on the oil passage (51) in the second position and is
deviated from the oil passage (51) in the first position.
[0029] An eleventh aspect of the present disclosure is
an embodiment of the tenth aspect of the present disclo-
sure. In the eleventh aspect, the plunger (33) includes a
sealing member (33e) at both sides of the circumferential
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groove (33d) formed in the outer surface of the plunger
(33).

ADVANTAGES OF THE INVENTION

[0030] According to the first aspect of the present dis-
closure, if the suction completion position is in the first
position and no capacity control is performed, the plunger
(33) is in the closed position to block the oil passage (51).
This operation is the operation performed a high opera-
tion capacity, and the flow rate of the refrigerant inside
the compressor is increased. Thus, oil is sufficiently
sucked into the compression chambers (25a, 25b) and
excessive oil is not supplied from the oil passage (51) to
the compression chambers (25a, 25b). This reduces oil
loss while maintaining its performance.

[0031] In contrast, if the suction completion position is
in the second position and the capacity is controlled such
that the suction volume is reduced, the plunger (33) is in
the open position and the oil passage (51) is opened.
This operation is the operation performed a low operation
capacity, and the flow rate of the refrigerant inside the
compressor is decreased. Therefore, although oil mixed
in the refrigerant is insufficiently sucked into the com-
pression chambers (25a, 25b), oil is supplied from the oil
passage (51) to the compression chambers (25a, 25b)
as well. According to the first aspect of the present dis-
closure, at thattime, the oil film can be sufficiently formed
in the interior of the compression mechanism, compared
to the case where the capacity of the compressor is not
controlled. This can improve performance of the com-
pressor.

[0032] According to the second aspect of the present
disclosure, in the scroll compressor, if the suction com-
pletion position is in the first position and no capacity
control is performed, the plunger (33) is in the closed
position to block the oil passage (51). This operation is
the operation performed a high operation capacity, and
the flow rate of the refrigerant inside the compressor is
increased. Thus, oil is sufficiently sucked into the com-
pression chambers (25a, 25b) and excessive oil is not
supplied from the oil passage (51) to the compression
chambers (25a, 25b). This reduces oil loss while main-
taining its performance.

[0033] In contrast, if the suction completion position is
in the second position and the capacity is controlled such
that the suction volume is reduced, the plunger (33) is in
the open position and the oil passage (51) is opened.
This operation is the operation performed a low operation
capacity, and the flow rate of the refrigerant inside the
compressor is decreased. Therefore, although oil mixed
in the refrigerant is insufficiently sucked into the com-
pression chambers (25a, 25b), oil is supplied from the oil
passage (51) to the compression chambers (25a, 25b)
as well. According to the second aspect of the present
disclosure, at that time, the oil film can be sufficiently
formed in the interior of the compression mechanism,
compared to the case where the capacity of the com-
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pressor is not controlled. This can improve performance
of the compressor.

[0034] According to the third aspect of the present dis-
closure, oil can be supplied to the compression chambers
(25a, 25b) during adjustment of the suction volume using
the oil passage (51) having one end communicating with
the oil reservoir (18, 50) formed in the space inside the
housing (23) of the compression mechanism (20) (the
crank chamber (23e)), and the other end communicating
with the suction space (25s) of the compression mech-
anism (20). Therefore, this can improve performance of
the scroll compressor with a simple configuration.
[0035] According to the fourth aspect of the present
disclosure, oil can be supplied to the compression cham-
bers (25a, 25b) during adjustment of the suction volume,
using the oil passage (51) comprised of the orbiting-
scroll-side oil passage (55) and the fixed-scroll-side oil
passage (52), and having one end communicating with
the oilreservoir (18, 50) and the other end communicating
with the suction space (25s) of the compression mech-
anism (20). Therefore, this can reduce performance deg-
radation of the scroll compressor and oil loss with a sim-
ple configuration.

[0036] According to the fifth aspect of the present dis-
closure, oil can be supplied to the compression chambers
(25a, 25b) during adjustment of the suction volume using
the oil passage (51) having one end communicating with
the oil reservoir (18, 50) formed in the casing (10) of the
compressor, and the other end communicating with the
suction space (25s) of the compression mechanism (20).
Therefore, this can improve performance of the scroll
compressor with a simple configuration.

[0037] According to the sixth aspect of the present dis-
closure, oil can be supplied to the compression chambers
(25a, 25b) during adjustment of the suction volume using
the oil passage (51) having one end communicating with
the oil supply pump (43a), and the other end communi-
cating with the suction space (25s) of the compression
mechanism (20). Therefore, this can improve perform-
ance of the scroll compressor with a simple configuration.
[0038] According to the seventh aspect of the present
disclosure, oil can be supplied to the compression cham-
bers (25a, 25b) during adjustment of the suction volume
using the oil passage (51) having the fixed scroll inner
passage (53) passing through the inside of the fixed scroll
(21) to communicate with the plunger (33) and the suction
space (25s) of the compression mechanism (20). There-
fore, this canimprove performance of the scroll compres-
sor with a simple configuration.

[0039] According to the eighth aspect of the present
disclosure, oil can be supplied to the compression cham-
bers (25a, 25b) during adjustment of the suction volume
using the oil passage (51) having the fixed scroll outer
passage (58) passing through the space formed outside
the fixed scroll (21) and inside the casing (10) to com-
municate with the plunger (33) and the suction space
(25s) of the compression mechanism (20). Therefore,
this can improve performance of the scroll compressor
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with a simple configuration.

[0040] According to the ninth aspect of the present dis-
closure, oil can be supplied to the compression chambers
(254, 25b) during adjustment of the suction volume using
the oil passage (51) having the oil mix passage (53a)
communicating with the discharge passage (60) dis-
charging the working fluid from the plunger (33) into the
space formed outside the fixed scroll (21) and inside the
casing (10). Therefore, this can improve performance of
the scroll compressor with a simple configuration.
[0041] According to the tenth aspect of the present dis-
closure, a suction volume adjustment mechanism (30)
can be provided with a simple configuration having the
plunger (33) that is a cylindrical valve body. According
to the eleventh aspect of the present disclosure, the
plunger (33) is provided with the sealing member (33e),
thereby making it possible to reduce oil leakage.

BRIEF DESCRIPTION OF THE DRAWINGS
[0042]

[FIG. 1] FIG. 1 is a vertical cross-sectional view of a
compressor according to a first embodiment.

[FIG. 2] FIG. 2 illustrates the shape of a fixed scroll
and the shape of an orbiting scroll in a cross-section
taken along line II-1l of FIG. 1.

[FIG. 3] FIG. 3 is an enlarged cross-sectional view
of a compression mechanism.

[FIG. 4] FIG. 4 illustrates a cross-sectional structure
of an opening/closing mechanism.

[FIG. 5] FIG. 5is an enlarged front view of a plunger.
[FIG. 6] FIG. 6 is a plan view illustrating the shape
of a transverse passage of an oil passage.

[FIG. 7] FIG. 7 illustrates the compression mecha-
nism in a first operation state.

[FIG. 8] FIG. 8 illustrates the compression mecha-
nism in a second operation state.

[FIG. 9] FIG. 9 illustrates the compression mecha-
nism in a third operation state.

[FIG. 10] FIG. 10 illustrates the compression mech-
anism in a fourth operation state.

[FIG. 11] FIG. 11 illustrates the compression mech-
anism in a fifth operation state.

[FIG. 12] FIG. 12 illustrates the compression mech-
anism in a sixth operation state.

[FIG. 13] FIG. 13 illustrates a cross-sectional struc-
ture of acompression mechanism accordingto avar-
iation of the first embodiment.

[FIG. 14] FIG. 14 is a plan view of the fixed scroll of
the compression mechanism of FIG. 3.

[FIG. 15] FIG. 15 is a vertical cross-sectional view
of acompressor according to a second embodiment.
[FIG. 16] FIG. 16 is an enlarged cross-sectional view
of a compression mechanism in FIG. 15.

[FIG. 17] FIG. 17 is a vertical cross-sectional view
of a compressor according to a third embodiment.
[FIG. 18] FIG. 18 is a vertical cross-sectional view
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of a compressor according to a fourth embodiment.
[FIG. 19] FIG. 19 is a plan view of a compressor
according to a fifth embodiment.

[FIG. 20] FIG. 20 is a cross-sectional view illustrating
a first state of a plunger of the compression mecha-
nism of FIG. 19.

[FIG. 21]FIG. 21 is a cross-sectional view illustrating
a second state of the plunger of the compression
mechanism of FIG. 19.

[FIG. 22] FIG. 22 is a plan view of a compressor
according to a sixth embodiment.

[FIG. 23] FIG. 23 is a cross-sectional view illustrating
a configuration for the plunger of the compression
mechanism of FIG. 22.

[FIG. 24] FIG. 24 is an enlarged view of a plunger
according to a variation.

DESCRIPTION OF EMBODIMENTS

[0043] Embodiments of the present disclosure will now
be described in detail with reference to the drawings.

«First Embodiment»

[0044] A first embodiment of the present disclosure is
now described.

[0045] A scroll compressor according to this embodi-
ment is provided to, e.g., a refrigerant circuit of an air
conditioner performing a vapor compression refrigeration
cycle, and compresses a low-pressure refrigerant that
has been sucked from an evaporator to discharge it into
a condenser.

[0046] As illustrated in FIG. 1, the scroll compressor
(1) is a so-called hermetic compressor. This scroll com-
pressor (1) includes a casing (10) that is a hermetically-
sealed container with a vertically oriented cylindrical
shape. The casing (10) includes a body (11) with a ver-
tically oriented cylindrical shape, an upper end plate (12)
fixed to the upper end of the body (11), and a lower end
plate (13) fixed to the lower end of the body (11).
[0047] This casing (10) houses a compression mech-
anism (20) compressing arefrigerant, and an electric mo-
tor (45) driving the compression mechanism (20). The
electric motor (45) is disposed below the compression
mechanism (20), and is coupled to the compression
mechanism (20) through a drive shaft (40) that is a rota-
tional shaft. The electric motor (45) is implemented as a
brushless DC motor controlled by an inverter to adjust a
rotational speed to be variable.

[0048] A discharge pipe (15) passes through and is
attached to the upper end plate (12) that is a top of the
casing (10). This discharge pipe (15) has its terminal end
(the lower end in the figure) connected to the compres-
sion mechanism (20). A suction pipe (14) passes through
and is attached to the body (11) of the casing (10). This
suction pipe (14) has its terminal end (the right end in the
figure) open toward a space between the compression
mechanism (20) and the electric motor (45) in the casing
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(10).

[0049] The drive shaft (40) is disposed on the vertical
center line of the casing (10). The drive shaft (40) is a
crank shaft including a main shaft portion (41) and an
eccentric portion (42). The eccentric portion (42) has a
smaller diameter than the main shaft portion (41), and is
formed on the upper surface of the main shaft portion
(41). The eccentric portion (42) is eccentric from the axial
center of the main shaft portion (41) by a predetermined
dimension, and constitutes an eccentric pin. FIGS. 1 and
2 show a state where the main shaft portion (41) and the
eccentric portion (42) are coaxially disposed. That is be-
cause FIGS. 1 and 2 are cross-sections viewed from a
position in which the center of the main shaft portion (41)
and the center of the eccentric portion (42) are on the
same line. For example, if the compressor is viewed from
its lateral direction of FIGS. 1 and 2, the center of the
main shaft portion (41) and the center of the eccentric
portion (42) are eccentric from each other.

[0050] A lower bearing holder (48) is fixed to a portion
adjacent to the lower end of the body (11) of the casing
(10). This lower bearing holder (48) rotatably supports
the lower end of the main shaft portion (41) of the drive
shaft (40) through a sliding bearing (48a).

[0051] The interior of the drive shaft (40) is provided
with an oil supply passage (44) extending vertically. The
lower end of the main shaft portion (41) is provided with
an oil supply pump (43). This oil supply pump (43) sucks
refrigerating machine oil from the bottom of the casing
(10). The refrigerating machine oil passes through the oil
supply passage (44) of the drive shaft (40) to be supplied
to the sliding portion of the compression mechanism (20)
and the bearing of the drive shaft (40).

[0052] The electric motor(45) is comprised of a stator
(46) and a rotor (47). The stator (46) is fixed to the body
(11) of the casing (10). The rotor (47) is coupled to the
main shaft portion (41) of the drive shaft (40) to drive the
drive shaft (40) in rotation.

[0053] The compression mechanism (20) includes a
fixed scroll (21), an orbiting scroll (22), and a housing
(23) fixing and supporting the fixed scroll (21). The fixed
scroll (21) and the orbiting scroll (22) respectively include
spiral laps (21b, 22b) meshing with each other on end
plates (21a, 22a), which will be described later. The com-
pression mechanism (20) is configured such that the or-
biting scroll (22) rotates eccentrically relative to the fixed
scroll (21).

[0054] The housing (23) is comprised of a body (23a)
and a bearing holder (23b). The body (23a) is formed to
be vertically continuous with the bearing holder (23b),
and the body (23a) is fitted into and coupled to the body
(11) of the casing (10). The bearing holder (23b) has a
smaller diameter than the body (23a), and protrudes
downward from the body (23a). The bearing holder (23b)
rotatably supports the main shaft portion (41) of the drive
shaft (40) through a sliding bearing (23c).

[0055] The fixed scroll (21) is comprised of a fixed end
plate (21a), a fixed lap (21b), and an edge portion (21c).
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Thefixed end plate (21a) is formed to have a substantially
disk shape. The fixed lap (21b) stands near the middle
portion of the lower surface of the fixed end plate (21a),
and is integrally formed with the fixed end plate (21a).
The fixed lap (21b) is formed to have a spiral wall shape
with a constant height. The edge portion (21c) is a wall
extending downward from the outer peripheral portion of
the fixed end plate (21a), and has a lower surface over-
lapping with the upper surface of the body (23a) of the
housing (23) to be fixed to the housing (23).

[0056] The orbiting scroll (22) is comprised of an orbit-
ing end plate (22a), an orbiting lap (22b), and a boss
(22c). The orbiting end plate (22a) is formed to have a
substantially disk shape. The orbiting lap (22b) stands
on the upper surface of the orbiting end plate (22a), and
is integrally formed with the orbiting end plate (22a). The
orbiting lap (22b) is formed to have a spiral wall shape
with a constant height, and to mesh with the fixed lap
(21b) of the fixed scroll (21). The boss (22c) extends
downwardly from the lower surface of the orbiting end
plate (22a), and integrally formed with the orbiting end
plate (22a).

[0057] The eccentric portion(42) of the drive shaft (40)
is inserted into the boss (22c) through a sliding bearing
(22d). Therefore, if the drive shaft (40) rotates, the orbit-
ing scroll (22) revolves around the axial center of the
main shaft portion (41). The revolution radius of the or-
biting scroll (22) is the same as the eccentricity of the
eccentric portion(42), i.e., adistance from the axial center
of the main shaft portion (41) to the axial center of the
eccentric portion (42).

[0058] The orbiting end plate (22a) is disposed in afirst
recess (23d) provided to the upper end of the housing
(23). The boss (22c) is disposed in a second recess (a
crank chamber) (23e) provided to the body (23a) of the
housing (23). Although not shown, the Oldham coupling
is disposed between the orbiting end plate (22a) and the
housing (23) to prevent the orbiting scroll (22) from ro-
tating on its axis. The first recess (23d) is formed large
enough to allow the orbiting end plate (22a) to rotate ec-
centrically, and the second recess (23e) is formed large
enough to allow the boss (22c) to rotate eccentrically (the
size relation therebetween is not considered on the fig-
ures).

[0059] FIG. 2 illustrates the shape of the fixed scroll
and the shape of the orbiting scroll in a cross-section
taken along line II-1l of FIG. 1. As shown in FIG. 2, the
scroll compressor (1) in this embodiment has a so-called
asymmetrical spiral structure. The number of turns or
windings of the spiral (the length of the spiral) differs be-
tween the fixed lap (21b) and the orbiting lap (22b). Spe-
cifically, the number of turns or windings of the spiral of
the fixed lap (21b) is longer than that of the orbiting lap
(22b) by about a half turn. However, the outermost pe-
riphery, i.e., the last turn or winding of the fixed lap (21b)
has no outer surface, and the portion of the fixed lap (21b)
corresponding to the outer surface of the outermost pe-
riphery is continuous with the edge portion (21c) of the
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fixed scroll (21). The spiral of the fixed lap (21b) is ended
such that its outer peripheral end faces its inner periph-
eral end longer than the outer peripheral end by one turn,
and is located near the outer peripheral end (turn or wind-
ing end) of the orbiting lap (22b).

[0060] The compression mechanism (20) includes a
plurality of compression chambers (25a, 25b) in a space
between the fixed end plate (21a) and the orbiting end
plate (22a). The compression chambers (25a, 25b) are
defined by allowing the fixed lap (21b) to mesh with the
orbiting lap (22b). The plurality of the compression cham-
bers (25a, 25b) include a plurality of first compression
chambers (25a) and a plurality of second compression
chambers (25b). The first compression chamber (25a) is
defined by a space between the inner peripheral surface
of the fixed lap (21b) and the outer peripheral surface of
the orbiting lap (22b). The second compression chamber
(25b) is defined by a space between the outer peripheral
surface of the fixed lap (21b) and the inner peripheral
surface of the orbiting lap (22b). In this embodiment, the
number of turns or windings of the fixed lap (21b) is great-
er than that of the orbiting lap (22b), and thus, the max-
imum capacity of the first compression chamber (25a) is
larger than that of the second compression chamber
(25b).

[0061] As shownin FIGS. 1 and 2, the outer periphery
of the fixed scroll (21) is provided with a suction port (29).
This suction port (29) is open toward a space above the
compression mechanism (20). The suction port (29),
along with the revolution of the orbiting scroll (22), inter-
mittently communicates with the first compression cham-
ber (25a) and the second compression chamber (25b).

[0062] The upper end of the fixed end plate (21a) is
provided with a depression (21g), and a discharge cover
(27) is attached to the upper surface of the fixed end plate
(21a) to cover a depression (21g). A space where the
depression (21g) is covered with the discharge cover (27)
is a discharge chamber (28) communicating with the dis-
charge pipe (15). A middle lower portion of the fixed end
plate (21a) is provided with a discharge port (26) com-
municating with the discharge chamber (28). The dis-
charge port (26), along with the revolution of the orbiting
scroll (22), intermittently communicates with the first
compression chamber (25a) and the second compres-
sion chamber (25b). In this embodiment, in the interior
of the casing (10), both upper and lower spaces (16) and
(17) of the housing (23) are low-pressure spaces filled
with a low-pressure refrigerant.

[0063] In this embodiment, as shown in FIG. 3 that is
an enlarged view of the compression mechanism (20), a
suction volume adjustment mechanism (30) is provided
to adjust a suction completion position of the compres-
sion chambers (25a, 25b) in the suction process of the
compression mechanism (20) to adjust the suction vol-
ume. This suction volume adjustment mechanism (30)
is configured to adjust the suction completion position (at
which the suction process is completed and a compres-
sion process is started) in both the first and second com-
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pression chambers (25a) and (25b). Only one suction
volume adjustment mechanism (30) is provided to the
outer spiral periphery within one turn, as shown in FIG.
2. The suction volume adjustment mechanism (30) is
configured to adjust the suction volume by switching the
suction completion position of the compression cham-
bers (25a, 25b) in the suction process between a first
position and a second position in which the suction vol-
ume is smaller than in the first position. The suction vol-
ume adjustment mechanism (30) is an opening/closing
mechanism (31) allowing the first and second compres-
sion chambers (25a) and (25b) to switch between a com-
municating state and a shut-off state.

[0064] The opening/closing mechanism (31), as
shown in FIG. 4 illustrating its cross-sectional structure,
specifically includes a communication passage (32), a
plunger (33), and an opening/closing drive mechanism
(34). The communication passage (32) allows the refrig-
erant to flow between the first and second compression
chambers (25a) and (25b) when the first and second
compression chambers (25a) and (25b) communicate
with each other. The plunger (33) is switchable between
a closed position in which the communication passage
(32) is closed to move the suction completion position to
the first position, and an open position in which the com-
munication passage (32) is open to move the suction
completion position to the second position. The open-
ing/closing drive mechanism (34) switches the position
of the plunger (33) between the open position and the
closed position.

[0065] As shown in FIG. 5, the plunger (33) is a cylin-
drical valve body, and has an outer surface provided with
a circumferential groove (33d) that is disposed on the oil
passage (44) in the second position and is deviated from
the oil passage (44) in the first position.

[0066] The communication passage (32) is a stepped
hole (32) formed in the fixed end plate (21a). As shown
in FIGS. 2 and 3, this stepped hole (32) is formed in the
outer periphery of the spiral within one turn, and in an
obliquely lower left position of the spiral center in the fig-
ure. As shown in FIGS. 2 and 3, this stepped hole (32)
is comprised of a larger-diameter portion (32a) opening
toward the upper surface of the fixed end plate (21a),
and a smaller-diameter portion (32b) having a smaller
diameter than the larger-diameter portion (32a). The
smaller-diameter portion (32b) constitutes the communi-
cation passage (32). This stepped hole (32) is formed
such that the smaller-diameter portion (32b) is located
between teeth of the fixed lap (21b). The smaller-diam-
eter portion (32b) is a circular hole having a larger diam-
eter than the thickness of the tooth of the orbiting lap
(22b).

[0067] A compression coil spring (a biasing member)
(35) and the plunger (33)(see FIG. 5) having a tip end
for opening/closing the smaller-diameter portion (32b)
are fitted in the stepped hole (32). As shown in FIG. 5,
the plunger (33) includes a plug (33a) fitted into the small-
er-diameter portion (32b), a spring holder (33b) having
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a larger diameter than the plug (33a) and mounting the
compression coil spring (35) therein, and a sealing por-
tion (33c) having a larger diameter than the spring holder
(33b), the plug (33a), the spring holder (33b), and the
sealing portion (33c) being continuously, integrally
formed with one another from a tip end (the lower end of
the figure). The sealing portion (33c) is provided with the
circumferential groove (33d).

[0068] As showninFIGS. 3 and 4, the opening/closing
drive mechanism (34) is comprised of the compression
coil spring (35) and a switching valve (a switching mem-
ber) (36). The compression coil spring (35) biases the
plunger (33) toward its open position. The switching valve
(36) switches the state of the plunger (33) between a
state in which a low pressure is applied to the plunger
(33) and a state in which a high pressure is applied to
the plunger (33) against the biasing force of the compres-
sion coil spring (35). Ifthe switching valve (36) is switched
to apply a low pressure to the rear end surface (the upper
surface) of the plunger (33), a force of the compression
coil spring (35) trying to raise the plunger (33) is superior
to a force trying to depress the plunger (33), and the
communication passage (32) is opened. As a result, the
first compression chamber (25a) communicates with the
second compression chamber (25b). If the switching
valve (36) is switched to apply a high pressure to the rear
end surface of the plunger (33), the force trying to depress
the plunger (33) is superior to the force of the compres-
sion coil spring (35) trying to raise the plunger (33), and
the communication passage (32) is closed. As a result,
the first compression chamber (25a) does not communi-
cate with the second compression chamber (25b).
[0069] Although the specific operation of the suction
volume adjustment mechanism (30) (opening/closing
mechanism (31)) will be described later, if the suction
volume adjustment mechanism (30) is operated with the
plunger (33) in the closed position, the first and second
compression chambers (25a) and (25b) do not commu-
nicate with each other. Thus, a normal operation in which
the refrigerant is compressed with a set suction volume
is performed. In contrast, if the suction volume adjust-
ment mechanism (30) is operated with the plunger (33)
in the open position, the first and second compression
chambers (25a) and (25b) communicate with each other.
Thus, an adjustment operation is performed in which the
refrigerantis compressed with aless suction volume than
a set value. In this embodiment, the rotational speed of
the electric motor (45) is faster during this adjustment
operation than during the normal operation.

[0070] Inthe casing (10), an oil reservoir (50) is formed
in the bottom of the second recess (the crank chamber)
(23e) to reserve oil that has lubricated the bearing of the
drive shaft (41) and other components. The compression
mechanism (20) in this embodiment is provided with an
oil passage (51) communicating with the oil reservoir (50)
and a suction space (25s) of the compression chambers
(254, 25b). The oil passage (51) has one end communi-
cating with the oil reservoir (50) formed in the crank cham-
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ber (23e) in the housing (23) of the compression mech-
anism (20), and the other end communicating with the
suction space (25s) of the compression mechanism (20).
The oil passage (51), as shown in FIGS. 3 and 6, is com-
prised of a lengthwise passage (52) adjacent to the oil
reservoir, and a transverse passage (an arc-shaped pas-
sage) (53) adjacent to the suction space (25s) of the com-
pression mechanism (20).

[0071] The plunger (33) is disposed midway of the
transverse passage (53) of the oil passage (51). The
plunger (33) includes a switching portion (55). This
switching valve (55) closes the oil passage (51) in the
closed position to allow the oil reservoir (50) not to com-
municate with the suction space (25s) of the compression
chambers (25a, 25b), and opens the oil passage (51) in
the open position to allow the oil reservoir (50) to com-
municate with the suction space (25s) of the compression
chambers (25a, 25b). This switching portion (55) is con-
figured as the circumferential groove (33d) formed in the
sealing portion (33c). That is to say, in the open position
in FIG. 3, the oil passage (51) communicates with the oil
reservoir (50) and the suction space (25s) of the com-
pression chambers (25a, 25b) through the circumferen-
tial groove (33d). In contrast, in the closed position which
is not shown, the sealing portion (33c) blocks the oil pas-
sage (51), and thus, the oil reservoir (50) does not com-
municate with the suction space (25s) of the compression
chambers (25a, 25b), and no oil is supplied from the oil
reservoir (50) to the suction space (25s) of the compres-
sion chambers (25a, 25b).

-Operation-

[0072] Next, it will be described how the scroll com-
pressor (1) stated above is operated.

[0073] First,ifthe electric motor (45) is driven, the drive
shaft (40) rotates and the orbiting scroll (22) revolves
relative to the fixed scroll (21). At that time, the Oldham
coupling (not shown) prevents the fixed scroll (21) from
rotating on its axis.

[0074] Along with the revolution of the orbiting scroll
(22), volumes of the compression chambers (25a, 25b)
increase and decrease repeatedly and periodically. In
the compression chambers (25a, 25b), the refrigerantin
the refrigerant circuit is sucked from the suction pipe (14)
through a suction passage (not shown) and the suction
port(29) into the compression chambers (25a, 25b) when
the volume of a portion, communicating with the suction
port (29), of the compression chambers (25a, 25b) is in-
creased, and the refrigerant in the refrigerant circuit is
compressed and discharged from the discharge port (26)
to the discharge chamber (28) when the volume of a por-
tion in which a suction side is closed decreases. The
refrigerant in the discharge chamber (28) is supplied from
the discharge pipe (15) to the condenser in the refrigerant
circuit.
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(Operation of Compression Mechanism During Normal
Operation)

[0075] The refrigerant suction and compression oper-
ations of the compression mechanism (20) when the suc-
tion volume adjustment mechanism (30) is not operated
(during the normal operation) will be described with ref-
erence to FIGS. 7 to 12. During the normal operation,
the plunger (33) of the opening/closing mechanism (31)
is in the closed position, and closes the communication
passage (32), and the first compression chamber (25a)
does not communicate with the second compression
chamber (25b). FIGS. 7 to 12 are cross-sectional views
of six stages of the operation state of the compression
mechanism (20), and illustrate that the orbiting scroll (22)
revolves at a predetermined angle in the clockwise di-
rection in the figures.

[0076] First, in the first operation state shown in FIG.
7, the spiral of the orbiting lap (22b) is ended between
the teeth of the fixed lap (21b), and both the first com-
pression chamber (25a-0) and the second compression
chamber (25b-0) which are in the outermost periphery
communicate with a low-pressure side and the suction
port (29). Regarding the first compression chamber
(25a), the outer peripheral surface of the orbiting lap (22b)
is substantially in contact with the inner peripheral sur-
face of the fixed lap (21b) at the point P on the center
line Y of the figure. "Contact" in this context means a
state where, although there is a gap of submicron order,
even if the refrigerant is leaked, no problem occurs be-
cause of formation of the oil film. The compression proc-
ess is started in a portion (25a-1) that is in the inner side
(a side closer to the start point of the spiral) relative to
the contact point (sealing point) P1.

[0077] From this state, the orbiting scroll (22) revolves
in the clockwise direction in the figure to be in the second
operation state in FIG. 8. Atthattime, the inner peripheral
surface of the spiral end of the orbiting lap (22b) is in
contact with the outer peripheral surface of the fixed lap
(21b), and its contact point (sealing point) P2 is the suc-
tion completion position of the second compression
chamber (25b-1). At that time, the suction process in
which the volume is increased is still being performed in
the first compression chamber (25a-0) that is in the out-
ermost periphery, and no sealing point at the spiral end
is formed.

[0078] From this state, if the orbiting scroll (22) re-
volves to be in the third operation state in FIG. 9, the
volume of the second compression chamber (25b-1) is
reduced to start the compression process of the refrig-
erant in the second compression chamber (25b-1), and
the volume of the first compression chamber (25a-0) that
is in the outermost periphery is further expanded to allow
the suction process of the refrigerant to proceed in the
first compression chamber (25a-0). In the fourth opera-
tion state in FIG. 10, the compression process further
proceeds in the second compression chamber (25b-1),
and the suction process further proceeds in the first com-
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pression chamber (25a-0) that s in the outermost periph-
ery. Regarding the second compression chamber (25b),
the second compression chamber (25b-0) is newly
formed at a portion closer to the turn or winding end of
the spiral relative to the second compression chamber
(25b-1) in which the compression process is being per-
formed, and the suction process is started in the newly
formed second compression chamber (25b-0).

[0079] In the fifth operation state shown in FIG. 11, the
suction process further proceeds in the second compres-
sion chamber (25b-0) that is in the outermost periphery,
the outer peripheral surface of the turn or winding end of
the spiral of the orbiting lap (22b) is in contact with the
inner peripheral surface of the fixed lap (21b), and its
contact point (sealing point) P1 is the suction completion
position of the first compression chamber (25a-1). In the
sixth operation state shown in FIG. 12, the compression
process proceeds in the first compression chamber (25a-
1) formed in the state of FIG. 11, and the suction process
proceeds in the second compression chamber (25b-0)
thatisin the outermost periphery. Then, the process goes
back to the first operation state shown in FIG. 7, the first
compression chamber (25a-0) is newly formed at a por-
tion closer to the outer periphery (the turn or winding end
of the spiral) of the first compression chamber (25a-1) in
which the compression process is being performed.
[0080] Thereafter, the operations in FIGS. 7 to 12 are
repeatedly performed, the first compression chamber
(25a-1) in the middle of compression and the second
compression chamber (25b-1) are moved toward the in-
ner side of the spiral while reducing its volume, and the
first compression chamber (25a-2) and the second com-
pression chamber (25b-2) change to the state immedi-
ately before the discharge. When the first compression
chamber (25a-2) and the second compression chamber
(25b-2) are moved to the innermost peripheral side to
have the minimum volume, they communicate with the
discharge port (26), and the refrigerant is discharged
from the compression mechanism (20).

[0081] During the normal operation, in the suction vol-
ume adjustment mechanism (30), the plunger (33) is in
the closed position and the oil passage (51) is blocked.
As a result, the oil reservoir (50) does not communicate
with the suction space (25s) of the compression cham-
bers (25a, 25b). Therefore, during the normal operation
at the high operation capacity, the discharge of the oil is
small, and along with this, no oil is supplied from the oil
reservoir (50) to the compression chambers (25a, 25b),
and oil is not excessively supplied to the compression
chambers.

(Operation of Compression Mechanism During Adjust-
ment Operation)

[0082] Likewise, the refrigerant suction and compres-
sion operations of the compression mechanism (20)
when the suction volume adjustment mechanism (30) is
operated (during the adjustment operation) will be de-
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scribed with reference to FIGS. 7 to 12. During the ad-
justment operation, in the opening/closing mechanism
(31) that is the suction volume adjustment mechanism
(30), the plunger (33) is in the open position and opens
the smaller-diameter portion (32b) of the communication
passage (32). This allows the first compression chamber
(25a) to communicate with the second compression
chamber (25b).

[0083] First, in the first operation state shown in FIG.
7, both the first compression chamber (25a-0) and the
second compression chamber (25b-0) in the outermost
periphery communicate with the low-pressure side and
the suction port (29), which is the same as the normal
operation. During the normal operation, the outer periph-
eral surface of the orbiting lap (22b) is in contact with the
inner peripheral surface of the fixed lap (21b) at the point
P1 on the center line Y of the figure, and the first com-
pression chamber (25a-1) in the inner side (the side clos-
er to the winding start point of the spiral) relative to the
contact point (sealing point) P1 is already closed. In con-
trast, the first compression chamber (25a-1) during this
operation communicates with the second compression
chamber (25b-0) that is in the outermost periphery in the
middle of the suction process through the communication
passage (32). Accordingly, the first compression cham-
ber (25a-1) is in a position prior to the suction completion
position, and is in the middle of the suction process as
well as the second compression chamber (25b).

[0084] Inthe second operation state in FIG. 8, the con-
tact point P1 between the inner peripheral surface of the
fixed lap (21b) and the outer peripheral surface of the
orbiting lap (22b) is displaced to a position immediately
rearward of the communication passage (32) of the open-
ing/closing mechanism (31). Therefore, the contact point
(sealing point) P1 at that time is the suction completion
position of the first compression chamber (25a-1). In this
position, the second compression chamber (25b-1) that
is located in the outermost periphery and is closed during
the normal operation communicates with the first com-
pression chamber (25a-0) that is located in the outermost
periphery and is formed in the outside of the spiral of the
first compression chamber (25a-1) thatis in the compres-
sion process through the communication passage (32).
The first compression chamber (25a-0) that is located in
the outermost periphery is in the middle of the suction
process, and thus, the second compression chamber
(25b) is in a position prior to the suction completion po-
sition.

[0085] This position is also seen in the third operation
state shown in FIG. 9 and the fourth operation state
shown in FIG. 10. The second compression chamber
(25b-1) is in the position prior to the suction completion
position, and a sealing point closer to the turn or winding
end is not formed yet. At that time, the first compression
chamber (25a-0) that is the outermost periphery is also
in the middle of the suction process. In the fourth oper-
ation state shown in FIG. 10, the second compression
chamber (25b-0) is started to be newly formed in the out-
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side of the spiral of the second compression chamber
(25b-1).

[0086] In the fifth operation state shown in FIG. 11, the
contact point P2 between the outer peripheral surface of
the fixed lap (21b) and the inner peripheral surface of the
orbiting lap (22b) passes through the communication
passage (32) of the opening/closing mechanism (31).
Therefore, the contact point P2 at that time is the sealing
point of the second compression chamber (25b-1), and
the compression process is started in the second com-
pression chamber (25b-1). In this state, although the suc-
tion process in the first compression chamber (25a-1)
that is in the outermost periphery is completed in the nor-
mal operation, the first compression chamber (25a-1)
that is in the outermost periphery in the adjustment op-
eration communicates with the low-pressure side
through the second compression chamber (25b-0) that
is in the outermost periphery, and thus, is in the middle
of the suction process. This also occurs in the sixth op-
eration state in FIG. 12, and the same occurs if the proc-
ess goes back to the first operation state in FIG. 7.
[0087] As can be seen, the communication passage
(32) of the opening/closing mechanism (31) is opened,
and thus, the volume of the first compression chamber
(25a) and the volume of the second compression cham-
ber (25b) is smaller than during the normal operation. As
a result, a compression ratio is smaller than during the
normal operation, and if its suction pressure is the same
as during the normal operation, the discharge pressure
is decreased.

[0088] During this adjustment operation, the rotational
speed of the electric motor (45) is faster than during the
normal operation, and thus, substantially the same per-
formance of the scroll compressor (1) as in the normal
operation can be achieved.

[0089] During the adjustment operation, in the suction
volume adjustment mechanism (30), the plunger (33) is
in the open position and the oil passage (51) is opened
to allow the oil reservoir (50) to communicate with the
suction space (25s) of the compression chambers (25a,
25b). Therefore, during the adjustment operation at the
low operation capacity, the performance is adjusted to
provide the same capacity, and thus, the rotational speed
is faster than in the case where no adjustment is made.
This increases the supply amount of the oil to the com-
pression chambers (25a, 25b), and in addition, allows oil
from the oil reservoir (18, 50) to the compression cham-
bers (25a, 25b). As a result, oil is sufficiently supplied to
the compression chambers (25a, 25b).

-Advantages of First Embodiment-

[0090] According to this embodiment, if only the ad-
justment operation at the low operation capacity is per-
formed, oil is not sufficiently supplied to the compression
chambers (25a, 25b), and the oil film having a thickness
necessary for the compression mechanism (20) is not
formed, resulting in performance degradation. However,
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if the oil passage (51) is opened and the oil reservoir (50)
communicates with the suction space (25s) of the com-
pression chambers (25a, 25b), oil is sufficiently supplied
to the compression chambers (25a, 25b). Thus, this can
improve performance during the adjustment operation.

-Variation of First Embodiment-

[0091] As shown in FIGS. 13 and 14, the oil passage
(51) may include a passage (fixed scroll inner passage
(53)) entirely passing through the inside of the fixed scroll
(21) to communicate with the plunger (33) and the suction
space (25s) of the compression mechanism (20). In this
variation, the suction pipe (14) is connected to the suction
port (29), and the transverse passage (53) of the oil pas-
sage (51) communicates with the suction port (29). Such
a configuration allows the oil in the oil reservoir (50) to
mix with the suction refrigerant and to be supplied to the
compression chamber (25).

[0092] According to this variation, if only the adjust-
ment operation at the low operation capacity is per-
formed, oil is not sufficiently supplied to the compression
chambers (25a, 25b), and the oil film having a thickness
necessary for the compression mechanism is less likely
tobe formed, resultingin performance degradation. How-
ever, in this variation, if the oil passage (51) is in the state
in FIG. 13 to be opened and the oil reservoir (50) com-
municates with the suction space (25s) of the compres-
sion chambers (25a, 25b), oil is sufficiently supplied to
the compression chambers (25a, 25b). Thus, this can
improve performance during the adjustment operation.

«Second Embodiment»

[0093] Next, a second embodiment will be described.
[0094] In the second embodiment, as shown in FIGS.
15 and 16, the oil passage (51) includes an oil passage
(55) closer to the orbiting scroll (hereinafter referred to
as "the orbiting-scroll-side oil passage (55)"), and an oil
passage (52) closer to the fixed scroll (hereinafter re-
ferred to as "the fixed-scroll-side oil passage (52)") com-
municating with the orbiting-scroll-side oil passage (55).
The orbiting-scroll-side oil passage (55) has one end
communicating with the fixed-scroll-side oil passage
(51), and the other end opposite to one end and commu-
nicating with the oil reservoir (18). Specifically, the end
of the orbiting-scroll-side oil passage (55), which is op-
posite to one end communicating with the fixed-scroll-
side oil passage (52), communicates with the oil reservoir
(18) in the lower portion of the casing (10) through the
oil supply passage (44) formed inside the drive shaft (41).
An end of the fixed-scroll-side oil passage (52), which is
opposite to an end communicating with the orbiting-
scroll-side oil passage (55), communicates with the suc-
tion space (25s) of the compression mechanism (20).

[0095] According to this second embodiment, if only
the adjustment operation at the low operation capacity
is performed, oil is not sufficiently supplied to the com-
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pression chambers (25a, 25b), and the oil film having a
thickness necessary for the compression mechanism is
less likely to be formed, resulting in performance degra-
dation. However, in the second embodiment, if the oil
passage (51) is in the state in FIG. 16 to be opened and
the oil reservoir (18) communicates with the suction
space (25s) of the compression chambers (25a, 25b), oil
is sufficiently supplied to the compression chambers
(25a, 25b). Thus, this can improve performance during
the adjustment operation.

«Third Embodiment»

[0096] Next, a third embodiment will be described.
[0097] In the third embodiment, as shown in FIG. 17,
the oil passage (51) has one end communicating with
the oil reservoir (18) formed inside the casing (10), and
the other end communicating with the suction space
(25s) of the compression mechanism (20). Specifically,
the oil passage (51) has an oil supply pipe (56) extending
upward from the oil reservoir (18) inside the casing (10)
and communicating with the plunger (33). This oil supply
pipe (56) communicates with the transverse passage
(53). In the oil passage (51), a space (the transverse
passage (53)) between the plunger (33) and a suction
side of the compression chamber (25) is the same as, or
similar to, that of the variation of the first embodiment
and the second embodiment.

[0098] The other configuration of this embodiment is
the same as, or similar to, that of the second embodiment.
[0099] According to this third embodiment, if only the
adjustmentoperation at the low operation capacity is per-
formed, oil is not sufficiently supplied to the compression
chambers (25a, 25b), and the oil film having a thickness
necessary for the compression mechanism is less likely
to be formed, resulting in performance degradation. How-
ever, in the third embodiment, if the oil passage (51) is
in the state in FIG. 17 to be opened and the oil reservoir
(18) communicates with the suction space (25s) of the
compression chambers (25a, 25b), oil is sufficiently sup-
plied to the compression chambers (25a, 25b). Thus, this
can improve performance during the adjustment opera-
tion.

«Fourth Embodiment»

[0100] Next, a fourth embodiment will be described.

[0101] In the fourth embodiment, as shown in FIG. 18,
the oil passage (51) has one end communicating with an
oil supply pump (43a) provided to the drive shaft (41),
and the other end communicating with the suction space
(25s) of the compression mechanism (20). Specifically,
the oil passage (51) has an oil supply pipe (57) extending
upward from the oil supply pump (43a) provided to the
lower end of the drive shaft (41) and communicating with
the plunger (33). This oil supply pipe (57) communicates
with the transverse passage (53). In the oil passage (51),
a space (the transverse passage (53)) between the
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plunger (33) and a suction side of the compression cham-
ber (25) is the same as, or similar to, that of the variation
of the first embodiment and the second embodiment.
[0102] The other configuration of this embodiment is
the same as, or similar to, that of the third embodiment.
[0103] According to this fourth embodiment, if only the
adjustment operation at the low operation capacity is per-
formed, oil is not sufficiently supplied to the compression
chambers (25a, 25b), and the oil film having a thickness
necessary for the compression mechanism is less likely
tobe formed, resultingin performance degradation. How-
ever, in the fourth embodiment, if the oil passage (51) is
in the state in FIG. 18 to be opened and the oil reservoir
(18) communicates with the suction space (25s) of the
compression chambers (25a, 25b), oil is sufficiently sup-
plied to the compression chambers (25a, 25b). Thus, this
can improve performance during the adjustment opera-
tion.

«Fifth Embodiment»

[0104] Next, a fifth embodiment will be described.
[0105] In the fifth embodiment, as shown in FIGS. 19
to 21, the oil passage (51) includes a fixed scroll outer
passage (58) passing through the space (17) formed out-
side the fixed scroll (21) inside the casing (10) to com-
municate with the plunger (33) and the suction space
(25s) of the compression mechanism (20). In the fifth
embodiment, the fixed scroll (21) is provided with a gas
discharge passage (60) through which the refrigerant gas
is discharged from the compression chambers (25a, 25b)
to the space (17).

[0106] According to this configuration, as shown in
FIG. 20, when the plunger (33) is open, the refrigerant
gas is discharged from the compression chambers and
oil is also discharged from the transverse passage (53)
to the space (17). The refrigerant gas and the oil are
mixed with each other and sucked into the suction space
(25s). In contrast, as shown in FIG. 21, when the plunger
(33) is closed, no refrigerant gas is discharged from the
compression chambers (25a, 25b) to the space (17), and
no oil is discharged from the transverse passage (53) to
the space (17).

[0107] According to this fifth embodiment, if only the
adjustment operation at the low operation capacity is per-
formed, oil is not sufficiently supplied to the compression
chambers (25a, 25b), and the oil film having a thickness
necessary for the compression mechanism is less likely
tobe formed, resultingin performance degradation. How-
ever, in the fifth embodiment, if the oil passage (51) is in
the state in FIG. 20 to be opened and the oil reservoir
(18) communicates with the suction space (25s) of the
compression chambers (25a, 25b), oil is sufficiently sup-
plied to the compression chambers (25a, 25b). Thus, this
can improve performance during the adjustment opera-
tion. The high speed operation can reduce performance
degradation and oil loss.
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«Sixth Embodiment»

[0108] A sixth embodiment of the present disclosure
is an example and has the same configuration as the fifth
embodiment, except the configuration for the oil passage
(51). Specifically, as shown in FIGS. 22 and 23, the oil
passage (51) includes a fixed scroll outer passage (58)
passing through the space (17) formed outside the fixed
scroll (21) inside the casing (10) to communicate with the
plunger (33) and the suction space (25s) of the compres-
sion mechanism (20). In the sixth embodiment, the fixed
scroll (21) is provided with a gas discharge passage (60)
through which the refrigerant gas is discharged from the
compression chambers (25a, 25b) to the space (17). In
this sixth embodiment, the end of the transverse passage
(53) is closed and the transverse passage (53) commu-
nicates with the gas discharge passage (60) through an
oil mix passage (53a).

[0109] According to this configuration, as shown in
FIG. 23, when the plunger (33) is open, the refrigerant
gas is discharged from the compression chambers, and
the oil is mixed with the gas flowing through the gas dis-
charge passage (60) to be discharged into the space
(17). The refrigerant gas and the oil are mixed together,
and are sucked into the suction space (25s). Although
not shown, when the plunger (33) is closed, no gas is
discharged from the compression chambers (25a, 25b)
into the space (17).

[0110] According to this sixth embodiment, if only the
adjustment operation at the low operation capacity is per-
formed, oil is not sufficiently supplied to the compression
chambers (25a, 25b), and the oil film having a thickness
necessary for the compression mechanism is less likely
to be formed, resulting in performance degradation. How-
ever, in the sixth embodiment, if the oil passage (51) is
in the state in FIG. 23 to be opened and the oil reservoir
(18) communicates with the suction space (25s) of the
compression chambers (25a, 25b), oil is sufficiently sup-
plied to the compression chambers (25a, 25b). Thus, this
can improve performance during the adjustment opera-
tion.

«Other Embodiments»

[0111] The above-described embodiment may be
modified as follows.

[0112] For example, the above embodiments are the
examples where the present disclosure is applied to the
asymmetrical spiral structure. The present disclosure
may also be applied to a scroll compressor having a sym-
metrical spiral structure. In this case, the suction volume
adjustment mechanism (30) having the same or similar
configuration as or to those in the above embodiments
may be provided to each symmetrical position relative to
the center of the spiral. Such a configuration allows the
compression mechanism (20) having the symmetrical
spiral structure to adjust the suction completion positions
of the first and second compression chambers (25a) and
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(25b) relative to the center of the spiral, while controlling
the flow of the oil. As a result, the same or similar advan-
tages in the above embodiments can also be obtained.
[0113] In the above embodiments, the present disclo-
sure is applied to the scroll compressor. However, the
present disclosure is not limited to the scroll compressor.
For example, the present disclosure may also be applied
to a rolling piston compressor or an oscillating piston
CoOmpressor.

[0114] Further, in the above embodiments, as shown
in FIG. 24, a sealing member (33e) may be provided to
both sides of the circumferential groove (33d) in the outer
peripheral surface of the plunger (33). In this case, the
sealing portion (33c) of the plunger (33) has a sealing
mount groove (33f) at both sides of the circumferential
groove (33d) inthe circumferential direction, and the ring-
shaped sealing member (33e) is mounted on the sealing
mount groove (33f).

[0115] Note that the foregoing description of the em-
bodiments is a merely preferred example in nature, and
is not intended to limit the scope, application, or uses of
the present disclosure.

INDUSTRIAL APPLICABILITY

[0116] As can be seen from the foregoing description,
the present disclosure is useful for, in a compressor in-
cluding a suction bypass mechanism configured to
change a suction completion position to adjust a suction
volume, a technique of solving lubricant shortage in a
compression mechanism.

DESCRIPTION OF REFERENCE CHARACTERS

[0117]
1 Scroll Compressor
10 Casing

18 Oil Reservoir
21 Fixed Scroll
22 Orbiting Scroll

23 Housing

23e  Crank Chamber

25a  Compression Chamber
25b  Compression Chamber
25s  Suction Space

30 Suction Volume Adjustment Mechanism
33 Plunger

33d  Circumferential Groove
33e  Sealing Member
43a  Oil Supply Pump

50 Oil Reservoir
51 Oil Passage

52 Fixed-scroll-side Oil Passage (Fixed Scroll Inner
Passage)

53 Fixed-scroll-side Oil Passage (Fixed Scroll Inner
Passage)

53a  Oil Mix Passage
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55 Orbiting-scroll-side Oil Passage
56 Oil Supply Pipe

57 Oil Supply Pipe

58 Fixed Scroll Outer Passage

60 Gas Discharge Passage

65 Switching Portion

Claims

1. A compressor comprising:

a compression mechanism (20); and

a casing (10) housing the compression mecha-
nism (20),

the compression mechanism (20) including a
suction volume adjustment mechanism (30) ca-
pable of switching a suction completion position
of a compression chamber (25a, 25b) in a suc-
tion process between a first position and a sec-
ond position in which the suction volume is
smaller than in the first position,

the suction volume adjustment mechanism (30)
including a plunger (33) switchable between a
closed position in which the suction completion
position is moved to the first position and an
open position in which the suction completion
position is moved to the second position, where-
in

the compressor further includes an oil passage
(51) to allow an oil reservoir (18, 50) formed in-
side the casing (10) and a suction space (25s)
of the compression chamber (25a, 25b) to com-
municate with each other, and

the plunger (33) is disposed midway of the oil
passage (51), and includes a switching portion
(65) closing the oil passage (51) in the closed
position to allow the oil reservoir (18, 50) not to
communicate with the suction space (25s) of the
compression chamber (25a, 25b), and opening
the oil passage (51) in the open position to allow
the oil reservoir (50) to communicate with the
suction space (25s) of the compression cham-
ber (25a, 25b).

The compressor of claim 1, wherein

the compression mechanism (20) is a compression
mechanism (20) including a fixed scroll (21), and an
orbiting scroll (22) meshing with the fixed scroll (21)
and compressing a working fluid.

The compressor of claim 2, wherein

the oil passage (51) has one end communicating with
the oil reservoir (50) formed in a crank chamber (23e)
that is a space inside the housing (23) of the com-
pression mechanism (20), and the other end com-
municating with the suction space (25s) of the com-
pression mechanism (20).
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4.
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The compressor of claim 2, wherein

the oil passage (51) includes an orbiting-scroll-side
oil passage (55) and a fixed-scroll-side oil passage
(52) communicating with the orbiting-scroll-side oil
passage (55),

the orbiting-scroll-side oil passage (55) has one end
communicating with the fixed-scroll-side oil passage
(52), and the other end opposite to one end and com-
municating with the oil reservoir (50), and

the fixed-scroll-side oil passage (52) has one end
communicating with the orbiting-scroll-side oil pas-
sage (55), and the other end opposite to one end
and communicating with the suction space (25s) of
the compression mechanism (20).

The compressor of claim 2, wherein

the oil passage (51) has an oil supply pipe (56) hav-
ing one end communicating with the oil reservoir (18)
formed inside the casing (10), and the other end com-
municating with the suction space (25s) of the com-
pression mechanism (20).

The compressor of claim 2, wherein

the oil passage (51) has an oil supply pipe (57) hav-
ing one end communicating with an oil supply pump
(43a) provided to a drive shaft of the compression
mechanism (20), and the other end communicating
with the suction space (25s) of the compression
mechanism (20).

The compressor of any one of claims 3 to 6, wherein
the oil passage (51) has a fixed scroll inner passage
(53) passing through an interior of the fixed scroll
(21) to communicate with the plunger (33) and the
suction space (25s) of the compression mechanism
(20).

The compressor of any one of claims 3 to 6, wherein
the oil passage (51) has afixed scroll outer passage
(58) passing through a space formed outside the
fixed scroll (21) and inside the casing (10) to com-
municate with the plunger (33) and the suction space
(25s) of the compression mechanism (20).

The compressor of any one of claims 3 to 6, wherein
the suction volume adjustment mechanism (30) has
a discharge passage (60) discharging the working
fluid from the plunger (33) in the second position into
a space formed outside the fixed scroll (21) and in-
side the casing (10), and

the oil passage (51) has an oil mix passage (53a)
having one end communicating with the plunger (33),
and the other end communicating with the discharge
passage (60).

The compressor of any one of claims 1 to 9, wherein
the plunger (33) is a cylindrical valve body, and has
an outer surface provided with a circumferential
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groove (33d) that is disposed on the oil passage (51)
in the second position and is deviated from the oil
passage (51) in the first position.

The compressor of claim 10, wherein

the plunger (33) includes a sealing member (33e) at
both sides of the circumferential groove (33d) formed
in the outer surface of the plunger (33).
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