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(54) ACCUMULATOR HAVING MULTIPLE PIPES, AND COMPRESSOR

(57) An accumulator (40) is provided with: a vessel
(20A) that separates a refrigerant into gas and liquid
phases in the interior of the vessel; a plurality of pipes
(21, 22) that extract the gas phase in the vessel (20A) to
the outside of the vessel (20A); and brackets (41, 42)
that hold together the plurality of pipes (21, 22) that ex-
tend in parallel inside the vessel (20A). The brackets (41,
42) are separated from the vessel (20A) and hold togeth-
er respective sections of the plurality of pipes (21, 22)
inside the vessel (20A).
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Description

Technical Field

[0001] The present invention relates to an accumulator
provided with a plurality of pipes, and to a compressor
to which the plurality of pipes of the accumulator are con-
nected.

Background Art

[0002] A compressor (twin rotary compressor), which
is provided with two rotary-type compression mecha-
nisms and a motor, and which takes a gas refrigerant
from an accumulator (gas-liquid separator) into a cylinder
of each of the rotary-type compression mechanisms, is
used in an air conditioner, a chiller, and the like.
[0003] The accumulator used in the twin rotary com-
pressor is provided with a vessel that separates a refrig-
erant into gas and liquid phases, and two pipes that in-
troduce the gas refrigerant inside the vessel into the com-
pressor.
[0004] In Patent Document 1, a stay, which fixes the
two pipes to an inner wall of the vessel, is installed inside
the vessel in an intermediate portion thereof with respect
to the vertical direction.

Prior Art Documents

Patent Document

[0005] Patent Document 1: JP 5531891 B

Summary of the Invention

Problem to be Solved by the Invention

[0006] Vibrations are transmitted to an accumulator
from a compressor via piping. When the piping is excited
by an excitation source, such as torque ripples or a cog-
ging torque of a motor and flow ripples of a refrigerant
discharged from a compression mechanism, the piping
vibrates inside a vessel of the accumulator. In particular,
the vibration amplitude is large in the vicinity of a free
end (upper end) of the piping, which is disposed away
from a fixed end disposed in a bottom portion of the ves-
sel. When the piping vibrates inside the vessel, the entire
accumulator, including the vessel, vibrates at the same
time. The accumulator emits noise as a result of the vi-
brations.
[0007] In order to reduce the noise emitted from the
accumulator, the vibrations of the piping excited by the
compressor need to be suppressed. In order to achieve
that, the piping on the free end side, at which the vibration
amplitude is large, may be fixed to the vessel. In Patent
Document 1 also, two pipes are fixed, inside the vessel,
to an inner wall of the vessel on the free end side thereof
by a stay.

[0008] However, when the piping is fixed, inside the
vessel, to the inner wall of the vessel, although the piping
is being held by a fixing member, such as a stay, the
vibrations of the piping are directly input to the vessel via
the fixing member. As a result, the vessel is excited, and
a sufficient vibration suppression effect cannot be ex-
pected for the entire accumulator.
[0009] An object of the present invention is to provide
an accumulator capable of sufficiently reducing vibra-
tions of the accumulator excited via piping, and a com-
pressor provided with the accumulator.

Means for Solving the Problem

[0010] An accumulator of the present invention in-
cludes: a vessel that separates a fluid into gas and liquid
phases in an interior of the vessel; a plurality of pipes
that extract the gas phase inside the vessel to the outside
of the vessel; and a holding portion that holds together
the plurality of pipes extending in parallel inside the ves-
sel. The holding portion is separated from the vessel, and
holds together respective sections of the plurality of pipes
inside the vessel.
[0011] The accumulator of the present invention is
preferably provided with the holding portions in at least
two different locations in the vertical direction.
[0012] In the accumulator of the present invention,
when a height from a base end position, which is a po-
sition of a reference lower end portion positioned at a
highest position among respective lower end portions of
the plurality of pipes, to a leading end position, which is
a position at which respective upper end portions of the
plurality of pipes are arranged side by side, is 1, the hold-
ing portions are preferably disposed in a range including
a first height of 0.5 and the vicinity thereof, and in a range
including a second height of 0.8 and the vicinity thereof.
[0013] In the accumulator of the present invention, it
is preferable that the first height correspond to a position
of a first node of a tertiary mode of vibrations of the pipes,
and the second height correspond to a position of a node
of a secondary mode of the vibrations of the pipes and
to a position of a second node of the tertiary mode.
[0014] In the accumulator of the present invention, a
reference pipe, which is the pipe including the reference
lower end portion, is preferably provided with a straight
portion passing through a bottom portion of the vessel
and extending from the interior of the vessel to the outside
of the vessel along the vertical direction, and a curved
portion that is curved with respect to the straight portion,
and the base end position is preferably an upper end of
the curved portion of the reference pipe.
[0015] In the accumulator of the present invention, the
holding portion preferably includes a plurality of retaining
portions that each respectively retain one of the plurality
of pipes, and a connecting portion that connects the plu-
rality of retaining portions with each other.
[0016] In the accumulator of the present invention, the
connecting portion preferably includes a spring portion.
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[0017] A compressor of the present invention, which
includes the above-described accumulator and to which
the pipes are connected, is provided with a compression
mechanism that compresses a fluid taken in via the pipes;
a motor that drives the compression mechanism; and a
housing that houses the compression mechanism and
the motor and supports the accumulator.
[0018] In the compressor of the present invention, the
compression mechanism is preferably a rotary compres-
sion mechanism that includes a cylinder and a piston
rotor, the piston rotor being rotated, inside the cylinder,
eccentrically with respect to an axial center of the cylin-
der.
[0019] In the compressor of the present invention, it is
preferable that two of the compression mechanisms be
provided, and each of the two compression mechanisms
include the cylinder and the piston rotor.

Effect of Invention

[0020] By the holding portion holding together the plu-
rality of pipes of the accumulator, which vibrate inside
the vessel of the accumulator as a result of being excited
from the outside, the vibrations of the pipes are damp-
ened due to deformation of the pipes and the holding
portion, and also due to friction between the pipes and
the holding portion.
[0021] Since the holding portion is separated from the
vessel of the accumulator, the vibrations of the pipes dis-
posed inside the vessel are not directly input to the vessel
via the holding portion.
[0022] Thus, the vessel is prevented from being excit-
ed by the vibrations of the pipes inside the vessel, and
the entire accumulator, including the vessel, can be pre-
vented from vibrating.

Brief Description of the Drawings

[0023]

FIG. 1 is a vertical cross-sectional view illustrating a
rotary compressor and an accumulator according to
a first embodiment.
FIG. 2A is a diagram schematically illustrating a vi-
bration analysis result of pipes of a known accumu-
lator. FIG. 2B is a diagram illustrating an example in
which pipes vibrate in the horizontal direction.
FIGS. 3A to 3C are diagrams each illustrating an
example of a configuration of a bracket.
FIGS. 4A and 4B are schematic views describing
vibration damping of the pipes held by the bracket
inside a vessel of the accumulator.
FIGS. 5A to 5C are diagrams each illustrating an
example of a configuration of the bracket.
FIG. 6 is a vertical cross-sectional view illustrating
the rotary compressor and an accumulator accord-
ing to a second embodiment.
FIGS. 7A to 7C are diagrams schematically illustrat-

ing a vibration analysis result of the pipes of a con-
ventional accumulator.
FIG. 8A is a diagram illustrating a primary mode of
vibrations of the pipes, FIG. 8B is a diagram illustrat-
ing a secondary mode of the vibrations of the pipes,
and FIG. 8C is a diagram illustrating a tertiary mode
of the vibrations of the pipes.
FIG. 9A is a diagram illustrating the primary mode,
FIG. 9B is a diagram illustrating the secondary mode,
and FIG. 9C is a diagram illustrating the tertiary
mode.
FIG. 10 is a vertical cross-sectional view illustrating
the rotary compressor and the accumulator accord-
ing to a modified example of the present invention.
FIG. 11 is a vertical cross-sectional view illustrating
the rotary compressor and the accumulator accord-
ing to another modified example of the present in-
vention.

Description of the Preferred Embodiments

[0024] Embodiments of the present invention will be
described below with reference to the appended draw-
ings.

First Embodiment

[0025] A compressor 10 of a first embodiment, which
is illustrated in FIG. 1, is provided with a rotary-type com-
pression mechanism 11, a motor 12 that drives the com-
pression mechanism 11, a cylindrical housing 13 that
houses the compression mechanism 11 and the motor
12, and an accumulator 20 (gas-liquid separator).
[0026] The compressor 10 takes in a low-pressure gas
refrigerant present inside the accumulator 20 via pipes
21 and 22, and compresses the refrigerant using the com-
pression mechanism 11 to which a rotational driving force
output from the motor 12 is transmitted via a crank shaft
14.
[0027] The compressor 10 and the accumulator 20
configure an air conditioner, a refrigerator, and the like,
and are connected to a refrigerant circuit (not illustrated)
in which the refrigerant is circulated.
[0028] First, the compression mechanism 11 will be
described.
[0029] The compression mechanism 11, which is a so-
called twin rotary-type compression mechanism, is pro-
vided with an upper compression mechanism 110, a low-
er compression mechanism 120, a separator plate 11A,
and an upper bearing 11B and a lower bearing 11C that
rotatably support the crank shaft 14.
[0030] The upper compression mechanism 110 is pro-
vided with an upper crank pin 111 that is offset with re-
spect to an axial center of the crank shaft 14, an upper
piston rotor 112, an upper cylinder 113, and an upper
muffler 114.
[0031] The upper piston rotor 112 is fitted to an outer
circumferential portion of the upper crank pin 111, and
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revolves inside the upper cylinder 113.
[0032] An intake port 113A, into which the gas refrig-
erant is taken via the pipe 21 of the accumulator 20, is
formed in the upper cylinder 113 so as to penetrate a
side wall of the upper cylinder 113 in the radial direction.
[0033] The interior of the upper cylinder 113 and the
interior of a lower cylinder 123 are partitioned by the sep-
arator plate 11A.
[0034] The refrigerant, which has been taken into the
upper cylinder 113 and which has been compressed in
a space located further forward, in the rotational direction,
than a blade (not illustrated) that is pressed against an
outer circumferential portion of the upper piston rotor 112,
is discharged into the housing 13 via a discharge port
(not illustrated) formed in the upper bearing 11B and an
opening (not illustrated) formed in the upper muffler 114.
[0035] The lower compression mechanism 120 is also
provided with a lower crank pin 121, a lower piston rotor
122, the lower cylinder 123, and a lower muffler 124.
[0036] An intake port 123A, into which the gas refrig-
erant is taken via the pipe 22 of the accumulator 20, is
formed in the lower cylinder 123 so as to penetrate a side
wall of the lower cylinder 123 in the radial direction.
[0037] The lower crank pin 121 is offset with respect
to the axial center of the crank shaft 14 in a direction that
causes the lower crank pin 121 to have an opposite phase
(180 degrees) to that of the upper crank pin 111.
[0038] The refrigerant that has been taken into the low-
er cylinder 123 is compressed as a result of the rotation
of the lower piston rotor 122 and is discharged into the
housing 13 via a discharge port (not illustrated) formed
in the lower bearing 11C and an opening (not illustrated)
formed in the lower muffler 124.
[0039] The refrigerant, which has been discharged into
the housing 13 from the upper compression mechanism
110 and the lower compression mechanism 120, is dis-
charged into the refrigerant circuit via a discharge pipe
131 provided in an upper portion of the housing 13.
[0040] Next, the accumulator 20 will be described.
[0041] The accumulator 20 is provided with a vessel
20A that separates the refrigerant into gas and liquid
phases in the interior thereof, two pipes 21 and 22 that
extract the gas refrigerant of the gas phase inside the
vessel 20A to the outside of the vessel 20A and cause
the compressor 10 to take in the gas refrigerant, and a
bracket 30 (holding portion) that holds together the two
pipes 21 and 22 inside the vessel 20A.
[0042] The vessel 20A is formed in a cylindrical shape
and supported by a side wall 13A of the housing 13 of
the compressor 10. A strap 25 is wound and tightened
around an outer circumferential portion of the vessel 20A,
and is fixed to an accumulator bracket 26 provided on
the side wall 13A. Via the accumulator bracket 26 and
the strap 25, the vessel 20A is supported by the side wall
13A of the housing 13 in a cantilevered manner.
[0043] In an upper end portion of the vessel 20A, an
intake pipe 20B is provided that takes the low-pressure
refrigerant from the refrigerant circuit (not illustrated) into

the vessel 20A.
[0044] The pipes 21 and 22 extend in parallel inside
the vessel 20A. The pipes 21 and 22 are separated from
an inner wall 20W of the vessel 20A.
[0045] The pipe 21 is connected to the upper compres-
sion mechanism 110, and the pipe 22 is connected to
the lower compression mechanism 120.
[0046] The pipe 21 is provided with a straight portion
21A that extends in the vertical direction (perpendicular
direction) downwardly from a position separated by a pre-
determined distance from the upper end portion of the
vessel 20A, and a curved portion 21B that is curved with
respect to the straight portion 21A and extends toward
the intake port 113A of the upper cylinder 113.
[0047] The straight portion 21A penetrates a bottom
portion 23 of the vessel 20A from the interior of the vessel
20A, reaches the outside of the vessel 20A, and is formed
contiguously to the curved portion 21B. The straight por-
tion 21A is fixed to the bottom portion 23 of the vessel
20A by causing a circumferential edge of a hole, through
which the straight portion 21A passes, to be crimped.
[0048] The curved portion 21B is fixed to the side wall
13A of the housing 13 by a joint 133. A leading end portion
of the curved portion 21B penetrates the side wall 13A
and is inserted into the intake port 113A.
[0049] The pipes 21 and 22 can be formed of an ap-
propriate copper-based or iron-based metallic material.
[0050] The pipe 22 is also provided with a straight por-
tion 22A that extends along the vertical direction, and a
curved portion 21B that is curved with respect to the
straight portion 22A and extends toward the intake port
123A of the lower cylinder 123.
[0051] The straight portion 22A extends in parallel with
the straight portion 21A of the pipe 21.
[0052] The curved portion 22B is provided below the
curved portion 21B of the above-described pipe 21, and
extends horizontally and in parallel with the curved por-
tion 21B. A leading end portion of the curved portion 21B
penetrates the side wall 13A and is inserted into the in-
take port 123A.
[0053] A bent section 22C of the pipe 22 is positioned
further to the outer circumferential side than a bent sec-
tion 21C of the pipe 21.
[0054] In an upper part of an internal space of the ves-
sel 20A, an upper end portion 21U of the straight portion
21A of the pipe 21 and an upper end portion 22U of the
straight portion 22A of the pipe 22 are arranged side by
side at the same height from the bottom portion 23.
[0055] Above the upper end portions of the pipes 21
and 22 in the internal space of the vessel 20A, a partition
member 24 is provided that vertically partitions the inte-
rior of the vessel 20A. The partition member 24 prevents
the refrigerant, which flows into the vessel 20A from the
intake pipe 20B, from directly entering into the pipes 21
and 22. The refrigerant, which flows into the vessel 20A,
passes through an opening (not illustrated) formed in the
partition member 24.
[0056] The refrigerant inside the vessel 20A is sepa-
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rated into the gas refrigerant of the gas phase and a liquid
refrigerant of the liquid phase, on the basis of density
differences in the refrigerant. The gas refrigerant, which
is present in an upper part of the interior of the vessel
20A, flows into the pipes 21 and 22 via the upper end
portions 21U and 22U, flows through each of the pipes
21 and 22, and is taken into the compression mecha-
nisms 110 and 120.
[0057] Incidentally, vibrations are transmitted to the ac-
cumulator 20 from the compressor 10 via the pipes 21
and 22. The pipes 21 and 22, which are excited by an
excitation source, such as torque ripples or a cogging
torque of the motor 12 and flow ripples of the refrigerant
discharged from the compression mechanism 11, vibrate
inside the vessel 20A.
[0058] In the first embodiment, a basic configuration
and an operational effect of the present invention, which
is configured to reduce the vibrations of the pipes 21 and
22, are described.
[0059] FIG. 2A is a schematic view illustrating an ex-
ample of a vibration analysis result of pipes 91 and 92 of
a known accumulator. FIG. 2A schematically illustrates
an outer shape of the housing 13 of a rotary compressor.
The pipes 91 and 92, which are connected to the com-
pressor, are each schematically illustrated by one line.
[0060] Here, an axis line of the housing 13 of the com-
pressor while the operation is stopped (when there are
no vibrations) is illustrated by a long dashed short dashed
line, and the axis line of the housing 13 of the compressor
10 during the operation (when there are vibrations) is
illustrated by a solid line.
[0061] Similarly, respective axis lines of the pipes 91
and 92 while the operation is stopped (when there are
no vibrations) are illustrated by long dashed short dashed
lines, and the respective axis lines of the pipes 91 and
92 during the operation are illustrated by solid lines.
[0062] In FIG. 2A, although the compressor vibrates
as a result of a magnetic vibrating force of the motor 12
or the flow ripples of the discharged refrigerant, the pipes
91 and 92, to which vibrations are transmitted from the
compressor via the cylinder of the compression mecha-
nism or the housing 13, vibrate even more than the com-
pressor. In particular, in the vicinity of upper end portions
91U and 92U (free ends) of the pipes 91 and 92, which
are separated from sections 93 that are crimped to a
bottom portion of an accumulator vessel, the vibration
amplitude is large.
[0063] In the present embodiment, in order to dampen
the vibrations of the pipes 21 and 22 of the accumulator
20, as illustrated in FIG. 1, the bracket 30 is provided that
holds together the pipe 21 and the pipe 22 inside the
vessel 20A in a state of being separated from the vessel
20A.
[0064] The straight portions 21A and 22A of the pipes
21 and 22 that extend inside the vessel 20A can be held
together by one or more of the brackets 30.
[0065] In the present embodiment, the bracket 30 is
provided at one location in the length direction (vertical

direction) of the straight portions 21A and 22A.
[0066] The bracket 30 is separated from the inner wall
20W of the vessel 20A, is not fixed to the vessel 20A,
and holds together the straight portions 21A and 22A that
extend inside the vessel 20A.
[0067] As illustrated in FIG. 3A, the bracket 30 is pro-
vided with a cylindrical retaining portion 31 that retains
an outer circumferential portion of the straight portion 21A
that is inserted thereinto, a cylindrical retaining portion
32 that retains an outer circumferential portion of the
straight portion 22A that is inserted thereinto in the same
manner as the straight portion 21A, and a planar con-
necting portion 33 that connects the retaining portion 31
and the retaining portion 32.
[0068] The bracket 30 is formed of an appropriate res-
in-based material or an appropriate metallic material,
such that the retaining portion 31, the retaining portion
32, and the connecting portion 33 are integrally formed.
The bracket 30 preferably possesses moderate elastic-
ity.
[0069] The retaining portion 31 is fixed to a predeter-
mined section of the straight portion 21A in the vertical
direction.
[0070] The retaining portion 32 is also fixed to a pre-
determined section of the straight portion 22A in the ver-
tical direction.
[0071] When the pipes 21 and 22 are not vibrating, the
retaining portions 31 and 32 are positioned at the same
height from the bottom portion 23 of the vessel 20A.
[0072] Note that the heights of the retaining portions
31 and 32 are allowed to be slightly different from each
other.
[0073] The connecting portion 33 extends between the
retaining portion 31 and the retaining portion 32.
[0074] The connecting portion 33 is disposed along the
vertical direction, and since the rigidity of the connecting
portion 33 is greater in the vertical direction, a vibration
damping effect, which is obtained as a result of deforma-
tion of the connecting portion 33, is greater when the
vibrations are generated in the vertical direction.
[0075] The retaining portion 31 is preferably fixed, in a
state of being in close contact with the outer circumfer-
ential portion of the straight portion 21A, as a result of
the straight portion 21A being press-fitted into the retain-
ing portion 31, for example.
[0076] In this way, friction between the retaining portion
31 and the straight portion 21A increases, and the vibra-
tion damping effect by the bracket 30 is improved.
[0077] Instead of causing the retaining portion 31 and
the straight portion 21A to be directly in close contact
with each other, an elastic member may be interposed
between an inner circumferential portion of the retaining
portion 31 and the outer circumferential portion of the
straight portion 21A, and the inner circumferential portion
of the retaining portion 31, the elastic member, and the
outer circumferential portion of the straight portion 21A
may be caused to be in close contact with each other.
[0078] The above-described configuration is applied
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to the retaining portion 32 and the straight portion 22A in
the same manner.
[0079] The configuration of the bracket 30 illustrated
in the present embodiment is merely an example, and
as long as the bracket 30 holds together the pipes 21
and 22 inside the vessel 20A in a state of being separated
from the vessel 20A, any appropriate configuration of the
bracket 30 can be adopted.
[0080] In order to fix the retaining portion 31 to the pre-
determined section of the straight portion 21A and to fix
the retaining portion 32 to the predetermined section of
the straight portion 22A, ring members 34, which are il-
lustrated by long dashed double-short dashed lines in
FIG. 3A, can be provided on the respective outer circum-
ferential portions of the straight portions 21A and 22A.
Since the retaining portions 31 and 32 are supported by
the ring members 34, the retaining portions 31 and 32
can be prevented from slipping down.
[0081] When the pipes 21 and 22 vibrate along the
length direction as a result of the vibrations being trans-
mitted from the compressor 10, the straight portions 21A
and 22A are relatively displaced in the length direction.
For example, as illustrated in FIG. 4A, the straight portion
21A of the pipe 21 is displaced downward, and the
straight portion 22A of the pipe 22 is displaced upward.
[0082] Since the straight portions 21A and 22A are held
together by the bracket 30, as illustrated in FIG. 4B, the
straight portions 21A and 22A and the bracket 30 are
deformed as a result of the straight portions 21A and 22A
respectively sliding inside the retaining portions 31 and
32. As a result of the deformation of the straight portions
21A and 22A and the bracket 30, and then, of the friction
between the straight portion 21A and the retaining portion
31 and the friction between the straight portion 22A and
the retaining portion 32, the vibrations of the pipes 21
and 22 are dampened.
[0083] Here, since the bracket 30 is separated from
the vessel 20A, unlike when the bracket 30 is in contact
with the vessel 20A, the vibrations of the pipes 21 and
22 inside the vessel 20A are not directly input to the ves-
sel 20A via the bracket 30. In other words, since the ves-
sel 20A is prevented from being excited by the vibrations
of pipes 21 and 22 inside the vessel 20A, the entire ac-
cumulator 20, including the vessel 20A, can be prevented
from vibrating.
[0084] Thus, according to the present embodiment,
since the bracket 30 is provided that holds together the
pipes 21 and 22 in a state of being separated from the
vessel 20A, the vibrations of the accumulator 20 can be
reduced. As a result, a level of an acoustic pressure emit-
ted from the accumulator 20 decreases, and noise emit-
ted from the accumulator 20 can thus be suppressed.
[0085] According to the vibration damping configura-
tion of the present embodiment, which is configured to
hold together the pipes 21 and 22 of the accumulator 20,
a system that transmits vibrations from the compressor
10, which is an excitation source, to the accumulator 20
is fixed to the pipes 21 and 22 inside the vessel 20A, and

the vibrations of the pipes 21 and 22 can be inhibited
from being transmitted to the vessel 20A or the outside
of the vessel 20A as much as possible.
[0086] In order to reliably dampen the vibrations of the
pipes 21 and 22 and to fix the vibration transmission sys-
tem to the pipes 21 and 22 inside the vessel 20A, respec-
tive sections of the pipes 21 and 22, in which a distance
of a relative displacement, due to relative vibrations be-
tween the pipes 21 and 22, becomes large, are preferably
held together by the bracket 30.
[0087] In order to dampen the vibrations of the pipes
21 and 22, an elastic body, such as rubber, may be pro-
vided so as to completely cover the outer circumferential
portions of the pipes 21 and 22 that extend inside the
vessel 20A. However, in this case, the weight of the ac-
cumulator 20 increases, and further, a sufficient vibration
damping effect may not be necessarily obtained.
[0088] In the present embodiment, by holding together
the pipes 21 and 22 inside the vessel 20A using the brack-
et 30, which is separated from the vessel 20A, the vibra-
tion damping can be efficiently achieved.
[0089] In place of the bracket 30 of the present em-
bodiment, a bracket illustrated in FIG. 3B or FIG. 3C can
be used.
[0090] A bracket 35 illustrated in FIG. 3B is provided
with retaining portions 351 and 352 that are each formed
in a C-shape when viewed from the vertical direction, and
the connecting portion 33 that connects the retaining por-
tions 351 and 352.
[0091] The bracket 35 is formed by stamping a sheet
metal material and bending both ends thereof into point-
symmetrical C-shapes. Sections that are bent at both
ends of the connecting portion 33 correspond to the re-
taining portions 351 and 352.
[0092] The retaining portions 351 and 352 are each
formed in a C-shape and each provided with a gap Sp in
a section thereof adjacent to the connecting portion 33.
Thus, when the pipes 21 and 22 held by the retaining
portions 351 and 352 vibrate, the retaining portions 351
and 352 can open and close.
[0093] Since the bracket 35 illustrated in FIG. 3B is
easily manufactured, and further, since the retaining por-
tions 351 and 352 deform as a result of opening and
closing, the vibration damping effect is high.
[0094] A bracket 36 illustrated in FIG. 3C is provided
with a connecting portion 361 that is disposed along the
horizontal direction, and the retaining portions 31 and 32
that are connected by the connecting portion 361.
[0095] Since the rigidity of the connecting portion 361
is greater in the horizontal direction, the bracket 36 is
effective in reducing the vibrations of the pipes 21 and
22 in the horizontal direction, as illustrated in FIG. 2B,
for example. Further, as a result of the improved rigidity
in the horizontal direction, an eigenfrequency can be ad-
justed from a view point of avoiding resonance.
[0096] Brackets 37 to 39 illustrated in FIGS. 5A to 5C
are respectively the brackets 30, 35, and 36 illustrated
in FIGS. 3A to 3C, in each of which a spring member is
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additionally provided.
[0097] A spring portion 101, which is provided in each
of the bracket 37 illustrated in FIG. 5A and the bracket
38 illustrated in FIG. 5B, is formed by performing bending
processing on the connecting portion 33 so as to have a
bellows-shape.
[0098] As a result of the spring portion 101 elastically
deforming, the vibration damping effect by the brackets
37 and 38 is improved.
[0099] A spring portion 102, which is provided in the
bracket 39 illustrated in FIG. 5C, is also formed by per-
forming the bending processing on the connecting por-
tion 361 so as to have a bellows-shape. As a result of
the spring portion 102 elastically deforming, the vibration
damping effect by the bracket 39 is improved.

Second Embodiment

[0100] A second embodiment of the present invention
will be described with reference to FIGS. 6 to 9.
[0101] In the second embodiment, a configuration is
described that can further improve the vibration damping
effect by using brackets that hold together the pipes 21
and 22 of an accumulator 40.
[0102] As illustrated in FIG. 6, the accumulator 40 of
the second embodiment is provided with brackets 41 and
42 that are disposed at two different locations in the
length direction of the straight portions 21A and 22A of
the pipes 21 and 22.
[0103] Each of the brackets 41 and 42 can be config-
ured in the same manner as the bracket 30 (FIG. 3A)
described in the first embodiment.
[0104] Each of the brackets 41 and 42 may also be
configured in the same manner as the brackets 37 to 39
illustrated in FIGS. 3B, 3C, and FIGS. 5A to 5C.
[0105] In the present embodiment, in order to more
sufficiently obtain the vibration damping effect, the brack-
ets 41 and 42 are disposed at predetermined heights.
[0106] Here, when a height from a position P1 (base
end position) of a reference lower end portion 21L, which
is located at the uppermost position of the lower end por-
tion 21L and a lower end portion 22L of the respective
pipes 21 and 22, to a position P2 (leading end position),
at which the upper end portions 21U and 22U of the re-
spective pipes 21 and 22 are arranged side by side, is
"1", the bracket 41 is positioned at a height of approxi-
mately 0.5 (first height HI), and the bracket 42 is posi-
tioned at a height of approximately 0.8 (second height
H2).
[0107] The bracket 41 holds together a first section 211
of the pipe 21 and a first section 221 of the pipe 22. The
first section 211 and the first section 221 are positioned
at the same height.
[0108] The bracket 42 holds together a second section
212 of the pipe 21 and a second section 222 of the pipe
22. The second section 212 and the second section 222
are positioned at the same height.
[0109] A dimension of each of the brackets 41 and 42

in the vertical direction can be determined to be an ap-
propriate dimension of 1 mm or greater in order to cause
a holding force to act on the pipes 21 and 22.
[0110] More specifically, as illustrated by the long
dashed short dashed line in FIG. 6, the base end position
P1 is an upper end of the curved portion 21B of the pipe
21 (reference pipe), the curved portion 21B having the
reference lower end portion 21L that is located in a higher
position, of the lower end portions 21L and 22L of the
pipes 21 and 22. When the height is calculated from this
position, since the pipes 21 and 22 extend over the entire
height of "1", this configuration conforms well to a vibra-
tion model of a beam (FIG. 8 and FIG. 9), which will be
described later.
[0111] When the height from the base end position P1
to the leading end position P2 is "1", the bracket 41 is
disposed over a range including the height H1 equivalent
to 0.5 and the vicinity of the height H1.
[0112] Similarly, when the height from the base end
position P1 to the leading end position P2 is "1", the brack-
et 42 is disposed over a range including the height H2
equivalent to 0.8 and the vicinity of the height H2.
[0113] More specifically, in terms of dimensions of the
brackets 41 and 42, with respect to the bracket 41, a
center portion of the bracket 41 in a vertical direction D
1, in which the straight portion 21A extends, is preferably
positioned at the height H1 of approximately 0.5. With
respect to the bracket 42, a center portion of the bracket
42 in the vertical direction D1 is preferably positioned at
the height H2 of approximately 0.8.
[0114] A reason why the brackets 41 and 42 are dis-
posed at the predetermined heights will be described be-
low.
[0115] FIGS. 7A to 7C illustrate a vibration analysis
result of the pipes 91 and 92 of a conventional accumu-
lator (provided with no bracket for the pipes) connected
to the rotary compressor.
[0116] FIG. 7A illustrates a primary vibration mode
component, FIG. 7B illustrates a secondary vibration
mode component, and FIG. 7C illustrates a tertiary vi-
bration mode component.
[0117] Although there exist quaternary and higher vi-
bration mode components, of all the vibrations of the
pipes 91 and 92, there is a particular need to dampen
the primary to tertiary vibrations, which cause the noise
due to their low frequencies and high acoustic pressure
levels.
[0118] In order to improve the vibration damping effect,
as described above, the respective sections of the pipes
21 and 22, in which the distance of the relative displace-
ment caused by the relative vibrations between the pipes
21 and 22 becomes large, are preferably held together
by the bracket 30.
[0119] This will be described with reference to FIGS.
8A to 8C.
[0120] Each of the pipes 21 and 22 includes a fixed
end 201, which is crimped to the bottom portion 23 (FIG.
6) of the vessel 20A, and a free end 202.
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[0121] FIGS. 8A to 8C respectively illustrate the prima-
ry, secondary, and tertiary vibration mode components.
[0122] In the primary vibration mode illustrated in FIG.
8A, the vibration amplitude gradually increases toward
the free end 202, and as the vibration amplitude increas-
es, a relative displacement between a section of the pipe
21 and a section of the pipe 22, which are positioned at
the same height from the fixed end 201, increases.
[0123] In the secondary vibration mode illustrated in
FIG. 8B, there is an antinode A, at which the vibration
amplitude becomes largest, and a node B, at which the
vibration amplitude becomes smallest. Here, the relative
displacement between the section of the pipe 21 and the
section of the pipe 22, which are positioned at the same
height from the fixed end 201, becomes largest at a po-
sition of the node B, not at a position of the antinode A.
The relative displacement between the section of the pipe
21 and the section of the pipe 22, which are positioned
at the same height, becomes smallest at the position of
the antinode A.
[0124] With respect to the sections of the pipes 21 and
22 that are held together by the bracket (long dashed
double-short dashed line), an arrow illustrated in FIG. 8B
indicates a direction in which a section of the node B of
the pipe 22 is relatively displaced with respect to a section
of the node B of the pipe 21.
[0125] As illustrated by the long dashed double-short
dashed line in FIG. 8B, when the pipes 21 and 22 are
held together by the bracket at locations corresponding
to the node B, with respect to the secondary mode, the
damping effect on the vibrations becomes highest, the
vibrations being caused by the deformation or the friction
between the pipes 21 and 22 and the bracket.
[0126] In the tertiary vibration mode illustrated in FIG.
8C, although two nodes B1 and B2 and two antinodes
A1 and A2 are present, similarly to the secondary vibra-
tion mode, the relative displacement between the section
of the pipe 21 and the section of the pipe 22, which are
positioned at the same height from the fixed end 201,
becomes highest at positions of the nodes B1 and B2.
[0127] With respect to sections of the pipes 21 and 22
that are held together by the brackets (long dashed dou-
ble-short dashed lines), arrows illustrated in FIG. 8C in-
dicate directions in which respective sections of the pipe
22 corresponding to the nodes B1 and B2 are relatively
displaced with respect to respective sections of the pipe
21 corresponding to the nodes B1 and B2.
[0128] As illustrated by the long dashed double-short
dashed lines in FIG. 8C, when the pipes 21 and 22 are
held together by the brackets at two locations, namely,
locations corresponding to the first node B1 and locations
corresponding to the second node B2, with respect to
the tertiary mode, the damping effect on the vibrations
becomes highest, the vibrations being caused by the de-
formation or the friction between the pipes 21 and 22 and
the brackets.
[0129] Even when phases of the vibrations of the pipes
21 and 22 are identical, even when those vibrations have

phase differences, or even when only one of the pipes
21 and 22 is resonating, a relationship described below
is established. The bracket is inclined to the greatest ex-
tent at the position of the node, since the relative dis-
placement of the pipes 21 and 22 is largest at that posi-
tion, and the bracket is not caused to be inclined at the
position of the antinode, since the relative displacement
is smallest at that position. Thus, regardless of the phas-
es of the vibrations of the pipes 21 and 22, as illustrated
in FIGS. 8B and 8C, the position of the bracket is deter-
mined at which the vibration damping effect is highest.
[0130] On the basis of the description above, upon de-
termining the sections of the pipes 21 and 22 to be held,
the position of the node B of the secondary vibration
mode and the positions of the nodes B1 and B2 of the
tertiary vibration mode are calculated on the basis of a
basic equation.
[0131] FIGS. 9A to 9C respectively illustrate the prima-
ry, secondary, and tertiary vibration mode components.
[0132] FIG. 9B illustrates an example of a value calcu-
lated using a vibration formula of a beam having a fixed
end and a free end. As illustrated in FIG. 9B, when the
length from the fixed end 201 to the free end 202 is "1",
the node B of the secondary vibration mode is positioned
at "0.774".
[0133] Similarly, FIG. 9C illustrates examples of values
calculated using the vibration equation of the beam hav-
ing the fixed end and the free end. As illustrated in FIG.
9C, when the length from the fixed end 201 to the free
end 202 is "1", the node B1 of the tertiary vibration mode
is positioned at "0.500" and the node B2 of the tertiary
vibration mode is positioned at "0.868".
[0134] As illustrated in FIG. 9A, in the primary vibration
mode, the vibration amplitude becomes largest at the
free end 202, namely, at the position of "1". Accordingly,
it can be considered that the relative displacement of the
pipes 21 and 22 becomes largest at this position.
[0135] On the basis of the description above, in order
to sufficiently dampen the primary to tertiary vibration
modes in a balanced manner, in the present embodi-
ment, as illustrated in FIG. 6, the two locations at the
height H1 of 0.5 and at the height H2 of 0.8 are selected
as the locations at which the pipes 21 and 22 are held
together. By using those heights H1 and H2 as referenc-
es, the brackets 41 and 42 are preferably disposed at
the heights H1 and H2, respectively.
[0136] Since the brackets 41 and 42 have a holding
force that reaches positions slightly away from the height
H2 of 0.8 (the vicinity of the upper end portions 21U and
22U of the pipes 21 and 22, in which the vibration ampli-
tude of the primary mode is large, and the position of the
node B2 of the tertiary mode, for example), the vibrations
of the pipes 21 and 22 can be efficiently dampened.
[0137] According to the second embodiment, since the
sections of the pipes 21 and 22 are held together by the
brackets 41 and 42 at the heights, including the positions
of the nodes, at which the relative displacement amount
of the pipes 21 and 22 positioned at the same height
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becomes largest, the vibration damping effect described
in the first embodiment can be obtained more sufficiently.
[0138] The accumulator 40 of the second embodiment
may be provided with other brackets that hold together
the pipes 21 and 22 inside the vessel 20A, in addition to
the brackets 41 and 42.
[0139] Besides the above-described embodiments, as
long as there is no departure from the spirit and scope
of the present invention, configurations described in the
above-described embodiments can be selected as de-
sired, or can be changed to other configurations as nec-
essary.
[0140] For example, as illustrated in FIG. 10, the pipes
21 and 22 can be held together by one bracket 45 across
a range including both the height H1 of 0.5 and the height
H2 of 0.8. In this case also, similarly to the second em-
bodiment, the vibrations can be dampened more suffi-
ciently.
[0141] As described above with reference to the first
embodiment, a basic concept of the present invention is
that two or more of the pipes are held together inside the
vessel 20A by the bracket that is separated from the ves-
sel 20A. Thus, as long as this is satisfied, the position
and the number of the bracket are not limited.
[0142] Thus, as illustrated in FIG. 11, the pipe 21 and
22 can also be held together inside the vessel 20A by
three brackets 46 to 48 that are positioned separately at
three locations in the vertical direction so as to be sepa-
rated from the vessel 20A.
[0143] As described in each of the above-described
embodiments, the present invention is suitable for the
accumulators 20 and 40 that are provided with the two
pipes 21 and 22 corresponding to the two cylinders 113
and 123 of the twin rotary-type compression mechanism
11. However, the present invention is not necessarily lim-
ited to this configuration. When the refrigerant is taken
into one cylinder from the two pipes 21 and 22 of the
accumulators 20 and 40, the present invention can be
applied to a rotary compressor provided with one cylinder
and one piston rotor.
[0144] Further, the accumulator of the present inven-
tion can also be applied to another compressor, such as
a scroll compressor, other than the rotary compressor.
[0145] Further, the accumulator of the present inven-
tion need not be supported by the housing 13 of the com-
pressor. According to the vibration damping configura-
tion of the accumulator of the present invention, vibra-
tions transmitted from any of the excitation sources to
the pipes 21 and 22 inside the vessel 20A can be damp-
ened. As a result, vibrations of the accumulator can be
reduced.
[0146] Shapes of the pipes 21 and 22 of the accumu-
lator of the present invention, particularly, shapes and
arrangements of the pipes 21 and 22 outside the vessel
20A, can be determined as appropriate. The pipes 21
and 22 need not be provided with the curved portions
21B and 22B.
[0147] In accordance with the shapes, and the like of

the pipes 21 and 22, a reference height that determines
the respective sections of the pipes to be held can be
determined as appropriate.

Reference Numerals

[0148]

10 Compressor
11 Compression mechanism
11A Separator plate
11B Upper bearing
11C Lower bearing
12 Motor
13 Housing
13A Side wall
14 Crank shaft
20 Accumulator
20A Vessel
20B Intake pipe
21 Pipe (reference pipe)
21A, 22A Straight portion
21B, 22B Curved portion
21C, 22C Bent section
21L Lower end portion (reference lower end portion)
22L Lower end portion
21U, 22U Upper end portion
20W Inner wall
22 Pipe
23 Bottom portion
24 Partition member
25 Strap
26 Accumulator bracket
30, 35 to 39, 41, 42, 45 to 48 Bracket (holding portion)
31, 32 Retaining portion
33, 361 Connecting portion
34 Ring member
40 Accumulator
91, 92 Pipe
91U, 92U Upper end portion
101 Spring portion
102 Spring portion
110 Upper compression mechanism
111 Upper crank pin
112 Upper piston rotor
113 Upper cylinder
113A Intake port
114 Upper muffler
120 Lower compression mechanism
121 Lower crank pin
122 Lower piston rotor
123 Lower cylinder
123A Intake port
124 Lower muffler
131 Discharge pipe
133 Joint
201 Fixed end
202 Free end
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211 Section
212 Section
221 Section
222 Section
351, 352 Retaining portion
A, A1, A2 Antinode
B, B1, B2 Node
D1 Vertical direction
H1 First height
H2 Second height
P1 Base end position
P2 Leading end position
Sp Gap

Claims

1. An accumulator comprising:

a vessel configured to separate a fluid into gas
and liquid phases in an interior of the vessel;
a plurality of pipes configured to extract the gas
phase inside the vessel to the outside of the ves-
sel; and
a holding portion configured to hold together the
plurality of pipes extending in parallel inside the
vessel, wherein
the holding portion is separated from the vessel,
and
holds together respective sections of the plural-
ity of pipes inside the vessel.

2. The accumulator according to claim 1, wherein
the holding portions are provided in at least two dif-
ferent locations in a vertical direction.

3. The accumulator according to claim 2, wherein
when a height from a base end position, which is a
position of a reference lower end portion positioned
at a highest position among respective lower end
portions of the plurality of pipes, to a leading end
position, which is a position at which respective up-
per end portions of the plurality of pipes are arranged
side by side, is 1,
the holding portions are disposed in a range includ-
ing a first height of 0.5 and a vicinity thereof, and in
a range including a second height of 0.8 and a vicinity
thereof.

4. The accumulator according to claim 3, wherein
the first height corresponds to a position of a first
node of a tertiary mode of vibrations of the pipes, and
the second height corresponds to a position of a node
of a secondary mode of the vibrations of the pipes
and to a position of a second node of the tertiary
mode.

5. The accumulator according to claim 3 or 4, wherein

a reference pipe, which is the pipe including the ref-
erence lower end portion, is provided with
a straight portion passing through a bottom portion
of the vessel and extending from the interior of the
vessel to the outside of the vessel along the vertical
direction, and
a curved portion that is curved with respect to the
straight portion, wherein
the base end position is an upper end of the curved
portion of the reference pipe.

6. The accumulator according to any one of claims 1
to 5, wherein
the holding portion includes
a plurality of retaining portions that each respectively
retain one of the plurality of pipes, and
a connecting portion that connects the plurality of
retaining portions with each other.

7. The accumulator according to claim 6, wherein
the connecting portion includes a spring portion.

8. A compressor, which includes the accumulator ac-
cording to any one of claims 1 to 7 and to which the
pipes are connected, the compressor comprising:

a compression mechanism configured to com-
press a fluid taken in via the pipes;
a motor configured to drive the compression
mechanism; and
a housing configured to house the compression
mechanism and the motor and to support the
accumulator.

9. The compressor according to claim 8, wherein
the compression mechanism is
a rotary-type compression mechanism that includes
a cylinder and a piston rotor, the piston rotor being
rotated, inside the cylinder, eccentrically with respect
to an axial center of the cylinder.

10. The compressor according to claim 9 comprising:

two of the compression mechanisms, wherein
each of the two compression mechanisms in-
cludes the cylinder and the piston rotor.

11. The accumulator according to claim 1 or 2, wherein
the holding portion is a bracket.

12. The accumulator according to claim 6, wherein
the plurality of retaining portions and the connecting
portion are integrally formed.

Amended claims under Art. 19.1 PCT

1. [Amended] An accumulator comprising:
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a vessel configured to separate a fluid into gas
and liquid phases in an interior of the vessel;
a plurality of pipes configured to extract the gas
phase inside the vessel to the outside of the ves-
sel; and
a holding portion configured to hold together the
plurality of pipes extending in parallel inside the
vessel, wherein
the holding portion is provided in at least two
different locations in a vertical direction, and
the holding portions are separated from the ves-
sel, and hold together respective sections of the
plurality of pipes inside the vessel.

2. [Deleted]

3. [Amended] The accumulator according to claim 1,
wherein
when a height from a base end position, which is a
position of a reference lower end portion positioned
at a highest position among respective lower end
portions of the plurality of pipes, to a leading end
position, which is a position at which respective up-
per end portions of the plurality of pipes are arranged
side by side, is 1,
the holding portions are disposed in a range includ-
ing a first height of 0.5 and a vicinity thereof, and in
a range including a second height of 0.8 and a vicinity
thereof.

4. The accumulator according to claim 3, wherein
the first height corresponds to a position of a first
node of a tertiary mode of vibrations of the pipes, and
the second height corresponds to a position of a node
of a secondary mode of the vibrations of the pipes
and to a position of a second node of the tertiary
mode.

5. The accumulator according to claim 3 or 4, wherein
a reference pipe, which is the pipe including the ref-
erence lower end portion, is provided with
a straight portion passing through a bottom portion
of the vessel and extending from the interior of the
vessel to the outside of the vessel along the vertical
direction, and
a curved portion that is curved with respect to the
straight portion, wherein
the base end position is an upper end of the curved
portion of the reference pipe.

6. The accumulator according to any one of claims 1
to 5, wherein
the holding portion includes
a plurality of retaining portions that each respectively
retain one of the plurality of pipes, and
a connecting portion that connects the plurality of
retaining portions with each other.

7. The accumulator according to claim 6, wherein
the connecting portion includes a spring portion.

8. A compressor, which includes the accumulator ac-
cording to any one of claims 1 to 7 and to which the
pipes are connected, the compressor comprising:

a compression mechanism configured to com-
press a fluid taken in via the pipes;
a motor configured to drive the compression
mechanism; and
a housing configured to house the compression
mechanism and the motor and to support the
accumulator.

9.  The compressor according to claim 8, wherein
the compression mechanism is
a rotary-type compression mechanism that includes
a cylinder and a piston rotor, the piston rotor being
rotated, inside the cylinder, eccentrically with respect
to an axial center of the cylinder.

10. The compressor according to claim 9 comprising:

two of the compression mechanisms, wherein
each of the two compression mechanisms in-
cludes the cylinder and the piston rotor.

11. [Amended] The accumulator according to claim 1,
wherein
the holding portion is a bracket.

12. The accumulator according to claim 6, wherein
the plurality of retaining portions and the connecting
portion are integrally formed.
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