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(54) COMPRESSOR AND METHOD OF DESIGNING COMPRESSOR

(67)  Thepresentinvention relates a compressor con-
figured to periodically compress and discharge a fluid to
a discharge space reduces noise at a cover due to res-
onance.

The compressor including a rotary shaft rotatably
driven, a compressor main body configured to periodi-
cally compress and discharge a fluid using rotation of the
rotary shaft, and a cover (6) having a cover main body

(34) in which a discharge space, into which the fluid dis-
charged from the compressor main body is introduced,
is formed and a plurality of reinforcing parts (37) provided
on at least one of an outer surface (34a) and an inner
surface of the cover main body (34) and extending along
at least one of the outer surface and the inner surface
thereof.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates to a compressor
and a method of designing a compressor.

Description of Related Art

[0002] Compressors such as a scroll compressor con-
figured to send a working fluid such as a refrigerant under
pressure using a rotational motion of a scroll are known.
In a scroll compressor, a refrigerant compressed using
a scroll is periodically discharged to a discharge space
in response to a rotational period of the scroll (for exam-
ple, refer to Japanese Unexamined Patent Application,
First Publication No. 2001-336484). The discharge
space is a space surrounded by a housing or a cover of
the compressor, and a compressed refrigerant is dis-
charged to another system through a discharge pipe pro-
vided in the cover.

SUMMARY OF THE INVENTION

[0003] In such compressors, pressure pulsation oc-
curs when a refrigerant is periodically discharged to a
discharge space through a discharge port of a scroll.
When such pressure pulsation coincides with a natural
frequency of the discharge space, resonance may occur
in some cases. In a compressor in the related art, the
cover vibrates due to such resonance so that noise may
occur.

[0004] The presentinvention aims at providing a com-
pressor capable of reducing noise at a cover due to res-
onance in a compressor configured to periodically com-
press and discharge a fluid to a discharge space.
[0005] According to a first aspect of the presentinven-
tion, a compressor includes: a rotary shaft rotatably driv-
en; a compressor main body configured to periodically
compress and discharge a fluid using rotation of the ro-
tary shaft; and a cover provided with a cover main body
having a discharge space into which the fluid discharged
from the compressor main body is introduced, and a plu-
rality of reinforcing parts provided on at least one of an
outer surface and an inner surface of the cover main body
and extending along at least one of the outer surface and
the inner surface thereof.

[0006] With such a constitution, reinforcing parts are
formed at the cover so that vibrations of the cover which
occur due to resonance occurring in response to the pe-
riodically discharged fluid and the discharge space can
be minimized.

[0007] In the above-described compressor, the com-
pressor may include: an electric motor configured to ro-
tatably drive the rotary shaft about an axis; and a housing
having a cylindrical shape along the axis and accommo-
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dating the electric motor, the rotary shaft, and the com-
pressor main body, wherein the cover may be an upper
cover configured to close one end of the housing.
[0008] In the above-described compressor, the hous-
ing may have a cylindrical shape, the cover main body
may have a circular shape when viewed from the axial
direction, and the reinforcing parts may extend radially
from a center of the cover main body.

[0009] In the above-described compressor, the rein-
forcing parts may extend in a circumferential direction
with respect to the center of the cover main body.
[0010] In the above-described compressor, the cover
main body may have a polygonal pyramid shape having
a top part protruding in the axial direction, and the rein-
forcing parts may be oblique ridges of the cover main
body.

[0011] According to a second aspect of the present
invention, a method of designing a compressor includes:
a compressor designing step of designing the compres-
sor including a compressor main body including a rotary
shaft rotatably driven and configured to periodically com-
press and discharge a fluid using rotation of the rotary
shaft and a cover defining a discharge space into which
the fluid discharged from the compressor main body is
introduced; a resonance mode measuring step of meas-
uring aresonance mode occurringin the discharge space
using a compressor model modeled on the basis of the
compressor designed in the compressor designing step;
and a reinforcing part designing step of designing a plu-
rality of reinforcing parts, the plurality of reinforcing parts
being provided on at least one of an outer surface and
an inner surface of the cover to pass through antinodes
of the resonance mode on the basis of the resonance
mode measured in the resonance mode measuring step
and extending along at least one of the outer surface and
the inner surface of the cover.

[0012] According to the present invention, reinforcing
parts are formed at a cover so that vibrations of the cover
which occur due to resonance occurring in response to
periodically discharged fluid and a discharge space can
be minimized.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 is a cross-sectional view of a scroll compres-
sor of a first embodiment of the present invention.
FIG. 2 is a perspective view of an upper cover of the
scroll compressor of the first embodiment of the
present invention.

FIG. 3 is a schematic diagram illustrating a reso-
nance mode of a discharge chamber of the scroll
compressor of the first embodiment of the present
invention.

FIG. 4 is a perspective view of an upper cover of a
scroll compressor of a first modified example of the
first embodiment of the present invention.
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FIG. 5 is a perspective view of an upper cover of a
scroll compressor of a second modified example of
the first embodiment of the present invention.

FIG. 6 is a perspective view of an upper cover of a
scroll compressor of a second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION
[First embodiment]

[0014] Hereinafter,a compressor of afirstembodiment
of the present invention will be described in detail with
reference to the drawings. The compressor of this em-
bodiment is a scroll compressor in which a turning scroll
performs a turning motion, a compression chamber vol-
ume is decreased as a compression chamber formed
between the turning scroll and a fixed scroll is moved to
a central portion, and thus a compression action is per-
formed. The scroll compressor of this embodiment is
used for a refrigeration cycle and a working fluid is a
refrigerant.

[0015] As shownin FIG. 1, a scroll compressor 1 has
an electric motor 3, a rotary shaft 2 rotatably driven about
an axis O1 by the electric motor 3, a compressor main
body 4 configured to compress and discharge a refriger-
ant using rotation of the rotary shaft 2, a housing 5 ac-
commodating the rotary shaft 2, the electric motor 3, and
the compressor main body 4, an upper cover 6 closing
one end at first side D1 in an axial direction of the housing
5, and a lower cover 7 closing the second side D2 in the
axial direction of the housing 5.

[0016] Note that, in the following description, a direc-
tion in which the axis O1 of the rotary shaft 2 extends is
an axial direction D. Furthermore, a direction perpendic-
ular to the axis O1 is a radial direction, a side away from
the axis O1 in the radial direction is referred to as an
outer side in the radial direction, and a side close to the
axis O1 in the radial direction is referred to as an inner
side in the radial direction. An upper side in FIG. 1 in the
axial direction D is referred to as a first side D1 in the
axial direction and a lower side in FIG. 1 in the axial di-
rection D is referred to as a second side D2 in the axial
direction.

[0017] The compressor main body 4 compresses the
refrigerant using rotational energy of the rotary shaft 2
and discharges the compressed refrigerant in a high
pressure state to an outside thereof.

[0018] The compressor main body 4 has a fixed scroll
17 and a turning scroll 18. A discharge cover 8 is a sub-
stantially disc-shaped member that partitions a space in-
side the housing 5 in the axial direction D. A discharge
chamber 15 (a discharge space) is a space formed by
the discharge cover 8 and the upper cover 6. The dis-
charge chamber 15 is the space into which the refrigerant
discharged from the compressor main body 4 is intro-
duced. A discharge port 20 through which the com-
pressed refrigerant flows to the discharge chamber 15
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and a discharge valve 21 configured to prevent reversely
flowing of the refrigerant from a high pressure side are
provided at a central portion of the discharge cover 8.
[0019] Note that, although the discharge chamber 15
of this embodiment is formed of the upper cover 6 and
the discharge cover 8, the presentinvention is not limited
thereto. For example, the discharge chamber 15 may be
formed of the upper cover 6 and a surface of the fixed
scroll 17 which faces the first side D1 in the axial direction
and may be formed by only the upper cover 6.

[0020] A suction pipe 9 configured to suction the re-
frigerant from an outside thereof is provided on the hous-
ing 5. A discharge pipe 10 configured to discharge the
compressed refrigerantinside the discharge chamber 15
after being compressed by the compressor main body 4
is provided on the upper cover 6.

[0021] 4 The rotary shaft 2 has a cylindrical shape
about the axis O1. The rotary shaft 2 is rotatably support-
ed inside the housing 5 by a main bearing 11 provided
at the first side D1 in the axial direction and a sub bearing
13 provided at the second side D2 in the axial direction.
A main bearing main body 12 is attached between the
main bearing 11 and an outer peripheral surface of the
rotary shaft 2. A sub bearing main body 14 is attached
between the sub bearing 13 and the outer peripheral sur-
face of the rotary shaft 2.

[0022] Atanend portion of the rotary shaft 2 at the first
side D1 in the axial direction, an eccentric shaft 16 having
a columnar shape about an eccentric axis 02 different
from the axis O1 is provided at a position which is offset
(eccentric) with respect to the axis O1. The eccentric axis
02 is parallel to the axis O1. The eccentric shaft 16 has
a cylindrical shape which protrudes from an end portion
of the rotary shaft 2 toward the first side D1 in the axial
direction. Therefore, the eccentric shaft 16 revolves
about the axis O1 of the rotary shaft 2 in a state in which
the rotary shaft 2 rotates about the axis O1.

[0023] The fixed scroll 17 is a substantially discoid
member fixed inside the housing 5. The turning scroll 18
faces the fixed scroll 17 from the axial direction D and
thus a compression chamber C is formed between both
scrolls.

[0024] The fixed scroll 17 is a fixed end plate 25 having
a disc shape and a fixed wrap 26 standing up in the axial
direction D from a surface of the fixed end plate 25 at the
second side D2 thereof in the axial direction. The fixed
end plate 25 extends along a surface which is substan-
tially perpendicular to the axis O1. The fixed wrap 26 is
a wall body which is spirally formed when viewed from
the axial direction D. The fixed wrap 26 is formed of plate-
like members being wound about a center of the fixed
end plate 25. The fixed wrap 26 is preferably constituted
to form an involute curve about the axis O1 when viewed
from the axial direction D.

[0025] An outer peripheral wall 27 extending in a tubu-
lar shape along an outer circumference of the fixed end
plate 25 is formed at the outer side of the fixed wrap 26
in the radial direction. An annular flange part 28 widening
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outward in the radial direction is provided at an edge of
the outer peripheral wall 27 at the second side D2 in the
axial direction. The fixed scroll 17 is fixed to the main
bearing 11 using bolts or the like via the flange part 28.
A fixed scroll discharge port 29 is formed at a central
portion of a spiral of the fixed scroll 17.

[0026] The turning scroll 18 has a turning end plate 23
having a disc shape and a spiral turning wrap 31 provided
at a surface of the turning end plate 23 at the first side
D1 in the axial direction. The turning wrap 31 is also pref-
erably constituted to form an involute curve about the
axis O1.

[0027] The turning wrap 31 and the fixed wrap 26 are
disposed to face each other from the axial direction D
and to overlap each other in a direction crossing the axis
O1. In other words, the fixed wrap 26 is engaged with
the turning wrap 31. A predetermined space is formed
between the fixed wrap 26 and the turning wrap 31 in
such anengaged state. A volume of the space is changed
according to the turning of the turning wrap 31. Thus, the
refrigerant can be compressed.

[0028] A boss part 30 having a cylindrical shape is
formed at a surface of the turning end plate 23 at the
second side D2 in the axial direction. A central axis of
the boss part 30 is coaxial with the eccentric axis 02. The
eccentric shaft 16 formed on the rotary shaft 2 is fit into
a space inside the boss part 30 via a dry bush 32 from
the axial direction D. A turning bearing 33 is attached
between the dry bush 32 and the boss part 30.

[0029] An Oldhamring 22 configured torestrict rotation
of the turning scroll 18 (rotation about the eccentric axis
02) is provided at the main bearing 11. A protrusion
formed on the Oldham ring 22 is fitted into a groove
formed in the turning end plate 23 of the turning scroll
18. A thrust bearing 24 is provided at the inner side of
the Oldham ring 22 in the radial direction when viewed
from the Oldham ring 22. The thrust bearing 24 supports
aload in the axial direction D due to the turning scroll 18.
[0030] The upper cover 6 of this embodiment will be
described.

[0031] As shown in Fig. 2, the upper cover 6 has an
upper cover main body 34 forming the discharge cham-
ber 15 (refer to Fig. 1) and reinforcing parts 37 (ribs)
provided on an outer surface 34a of the upper cover main
body 34. The upper cover main body 34 has a circular
shape when viewed from the axial direction D and forms
part of the discharge chamber 15.

[0032] The uppercover main body 34 has a cylindrical
part 35 with a cylindrical shape and a dome part 36 con-
figured to block the first side D1 of the cylindrical part 35
in the axial direction. The dome part 36 has a spherical
shape. The dome part 36 is smoothly connected to the
cylindrical part 35.

[0033] The plurality of reinforcing parts 37 extending
along the outer surface 34a of the upper cover main body
34 are formed on the outer surface 34a of the upper cover
main body 34. The reinforcing parts 37 radially extend
from a center T1 of the upper cover main body 34. A
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center T1 of the upper cover 6 is a point at which the axis
O1 crosses the upper cover 6.

[0034] The plurality of reinforcing parts 37 are formed
at intervals in a circumferential direction. The plurality of
reinforcing parts 37 are preferably formed at equal inter-
vals in the circumferential direction. The reinforcing parts
37 are protrusions protruding from the outer surface 34a
of the upper cover main body 34. The reinforcing parts
37 have a function of reinforcing the upper cover main
body 34.

[0035] Next, a method of designing the scroll compres-
sor 1 of this embodiment will be described.

[0036] The method of designing the scroll compressor
1 has a compressor designing step, a resonance mode
measuring step, and a reinforcing part designing step.
[0037] The compressor designing step is a step of de-
signing a scroll compressor on the basis of a required
performance or specification or the like. A designer per-
forms selection (design) of an electric motor, design of a
scroll, and design of shapes or the like of a housing and
an upper cover. Thus, a specification of an electric motor
and a shape of a discharge chamber or the like are de-
termined.

[0038] The resonance mode measuring step is a step
of performing a simulation on a computer using a com-
pressor model (an analysis model) modeled on the basis
of the scroll compressor designed in the compressor de-
signing step and measuring a resonance mode (an
acoustic eigenvalue and acoustic characteristics) occur-
ring in a discharge chamber.

[0039] To be specific, first, a compressor model which
can be input to the computer is created on the basis of
the designed scroll compressor. Subsequently, a behav-
ior of the compressor model is simulated on the computer
using analysis software or the like.

[0040] Here, an operation of the scroll compressor 1
will be described. The refrigerant compressed in the com-
pressor main body 4 (a scroll) is periodically discharged
from the fixed scroll discharge port 29 of the fixed scroll
17. The refrigerant that has passed through the fixed
scroll discharge port 29 passes through a space between
the fixed scroll 17 and the discharge cover 8. The refrig-
erant passes through the discharge port 20 of the dis-
charge cover 8, enters into the discharge chamber 15
defined by the upper cover 6, and is discharged through
the discharge pipe 10.

[0041] Whentherefrigerantflowsthroughsucharoute,
pressure pulsation occurs by the periodical discharge of
the refrigerant into the discharge chamber 15 (the dis-
charge space) through the discharge valve 21. If such
pressure pulsation coincides with a natural frequency of
the discharge chamber 15, resonance occurs. The upper
cover 6 vibrates due to such resonance.

[0042] FIG. 3 illustrates a resonance mode of the dis-
charge chamber 15 measured through a simulation. Fur-
thermore, a resonance frequency is specified through
the simulation. In the case of the scroll compressor 1 of
this embodiment, the resonance frequency is 4 kHz to 5
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kHz.

[0043] InFIG. 3, symbols + indicate positions at which
a pressure is high due to resonance, symbols - indicate
positions at which the pressure is low due to the reso-
nance, and these positions are antinodes of a resonance
mode.

[0044] The resonance mode is not limited to a case
shown in FIG. 3 and changes in accordance with a shape
or the like of the discharge chamber 15. For example,
intervals of the antinodes of the resonance mode in a
circumferential direction change in accordance with a ro-
tational speed or the like of the rotary shaft 2.

[0045] In the reinforcing part designing step, the rein-
forcing parts 37 are designed on the outer surface 34a
of the upper cover main body 34 on the basis of positions
of the antinodes of the resonance mode measured in the
resonance mode measuring step. To be specific, the re-
inforcing parts 37 are designed to pass through the an-
tinodes of the resonance mode.

[0046] According to the above-described embodi-
ments, even when the positions corresponding to the an-
tinodes of the resonance mode at the upper cover 6 vi-
brate due to the resonance, the reinforcing parts 37 can
suppress vibration of the upper cover 6. In other words,
the positions corresponding to the antinodes of the res-
onance mode are reinforced using the reinforcing parts
37 so that noise due to vibrations can be reduced.
[0047] Note that shapes of the reinforcing parts 37 are
not limited to this and may be shapes in which the rein-
forcing parts 37 are provided on at least one of the outer
surface 34a and an inner surface of the upper cover main
body 34 and extend along atleast one of the outer surface
34a and the inner surface thereof to reinforce the posi-
tions corresponding to the antinodes of the resonance
mode.

[0048] For example, as in reinforcing parts 37B of a
first modified example shown in FIG. 4, the reinforcing
parts 37B may extend in the circumferential direction to
pass through the antinodes of the resonance mode. To
be specific, the reinforcing parts 37B of the first modified
example of this embodiment are a plurality of annular
reinforcing parts which are concentrically formed. Atleast
in part of the reinforcing parts 37B are formed to pass
through the antinodes of the resonance mode.

[0049] According to this modified example, even if the
antinodes of the resonance mode are moved in the cir-
cumferential direction, vibrations can be minimized.
[0050] Also, as in reinforcing parts of a second modi-
fied example shown in FIG. 5, reinforcing parts 37 ex-
tending in the radial direction and annular reinforcing
parts 37B extending in the circumferential direction may
be combined.

[0051] According to this modified example, rigidity of
the upper cover main body 34 can be further improved.
[0052] Also, the above-described embodiments have
a constitution in which peripheries of the reinforcing parts
37 are reinforced by the reinforcing parts 37, but may
have a constitution in which sites corresponding to the
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antinodes of the resonance mode are relatively rein-
forced compared with other sites by forming concave
grooves extending in the radial direction at portions
(nodes of the resonance mode) between the neighboring
antinodes of the resonance mode.

[0053] The upper cover 6 obtained by integrating the
upper cover main body 34 and the reinforcing parts 37
may be manufactured through casting and the upper cov-
er 6 obtained by integrating the upper cover main body
34 and the reinforcing parts 37 may be cut through cut-
ting.

[0054] The upper cover main body 34 and the reinforc-
ing parts 37 may be separately formed and be joined
through welding or the like.

[0055] The reinforcing parts 37 are not limited to the
outer surface 34a of the upper cover 6 (the surface facing
the first side D1 in the axial direction) and may be formed
at an inner surface of the upper cover 6. However, since
a shape of the discharge chamber 15 is changed when
the reinforcing parts 37 are formed at the inner surface
of the upper cover 6, this is not preferable.

[0056] Also, positions of the reinforcing parts 37 may
be determined through measurement using an actual de-
vice without performing analysis.

[Second embodiment]

[0057] Hereinafter, a compressor of a second embod-
iment of the present invention will be described in detail
with reference to the drawings. Note that, in this embod-
iment, description is provided focusing on differences
from the above-described first embodiment and descrip-
tions of the same parts will be omitted.

[0058] An upper cover 6B of the compressor of this
embodiment has a polygonal pyramid shape having a
top part T2 protruding toward the first side D1 in the axial
direction. In other words, as shown in FIG. 6, the upper
cover 6B may be formed of a tubular part 35B of which
a cross-sectional shape has a dodecagon shape and a
dodecagonal-pyramid-shaped dome part 36B.

[0059] In the case of such a shape, a strength of ob-
lique ridges 39 (ridgelines) of the dodecagonal-pyramid-
shaped dome part 36B is higher than a strength of lateral
surfaces 40. Thus, positions of the oblique ridges 39 cor-
respond to antinodes of a resonance mode, and there-
fore, vibrations can be minimized. In other words, the
oblique ridges 39 of the dodecagonal-pyramid-shaped
dome part 36B are reinforcing parts of this embodiment.
The upper cover 6B with such a shape can be manufac-
tured using sheet metal press processing.

[0060] Although the embodiments of the present in-
vention have been described in detail above, various
changes can be made without departing from the scope
of the present invention.

[0061] For example, the scroll compressor is adopted
as the compressorinthe above-described embodiments;
however, it may be adapted to a compressor including a
rotary shaft rotatably driven, a compressor main body
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configured to periodically compress and discharge a fluid
using rotation of a rotary shaft, and a cover having a
discharge space, into which the fluid discharged from the
compressor main body is introduced. The present inven-
tion can also be applied to a swash-plate-type compres-
sor, and a rotary compressor as the compressor.
[0062] While preferred embodiments of the invention
have been described and illustrated above, it should be
understood that these are exemplary of the invention and
are not to be considered as limiting. Additions, omissions,
substitutions, and other modifications can be made with-
out departing from the scope of the present invention.
Accordingly, the invention is not to be considered as be-
ing limited by the foregoing description, and is only limited
by the scope of the appended claims.

Claims
1. A compressor (1) comprising:

a rotary shaft (2) rotatably driven;

a compressor main body (4) configured to peri-
odically compress and discharge a fluid using
rotation of the rotary shaft (2); and

a cover (6) provided with a cover main body (34)
having a discharge space into which the fluid
discharged from the compressor main body (4)
is introduced, and a plurality of reinforcing parts
(37) provided on at least one of an outer surface
and an inner surface of the cover main body (34)
and extending along at least one of the outer
surface and the inner surface thereof.

2. The compressor (1) according to Claim 1, compris-
ing:

an electric motor (3) configured to rotatably drive
the rotary shaft (2) about an axis; and

a housing (5) having a cylindrical shape along
the axis and accommodating the electric motor
(3), the rotary shaft (2), and the compressor
main body (4),

wherein the cover (6) is an upper cover config-
ured to close one end of the housing (5).

3. The compressor (1) according to Claim 2, wherein
the housing (5) has a cylindrical shape,
the cover main body (34) has a circular shape when
viewed from the axial direction, and
the plurality of reinforcing parts (37) extend radially
from a center of the cover main body (34).

4. Thecompressor(1)accordingto Claim2or 3, where-
in
the plurality of reinforcing parts (37) extend in a cir-
cumferential direction with respect to the center of
the cover main body (34).
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5.

The compressor (1) according to Claim 2, wherein
the cover main body (34) has a polygonal pyramid
shape having a top part protruding in the axial direc-
tion, and

the plurality of reinforcing parts (37) are oblique ridg-
es of the cover main body (34).

A method of designing a compressor (1) comprising:

a compressor designing step of designing the
compressor (1) including a compressor main
body (4) including a rotary shaft (2) rotatably
driven and configured to periodically compress
and discharge a fluid using rotation of the rotary
shaft (2) and a cover (6) defining a discharge
space into which the fluid discharged from the
compressor main body (4) is introduced;
aresonance mode measuring step of measuring
a resonance mode occurring in the discharge
space using a compressor model modeled on
the basis of the compressor (1) designed in the
compressor designing step; and

a reinforcing part designing step of designing a
plurality of reinforcing parts (37), the plurality of
reinforcing parts (37) being provided on at least
one of an outer surface and an inner surface of
the cover (6) to pass through antinodes of the
resonance mode on the basis of the resonance
mode measured in the resonance mode meas-
uring step and extending along at least one of
the outer surface and the inner surface of the
cover (6).
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