EP 3 409 948 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 3 409 948 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
05.12.2018 Bulletin 2018/49

(21) Application number: 17782527.0

(22) Date of filing: 14.04.2017

(51) IntCl.:
F04C 29/00 (2006.07) F04C 18102 (2006.0)
F04C 23/00 (2006.07) F04C 29/02 (2006.01)

(86) International application number:
PCT/JP2017/015333

(87) International publication number:
WO 2017/179714 (19.10.2017 Gazette 2017/42)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(30) Priority: 14.04.2016 JP 2016081000
(71) Applicant: Mitsubishi Heavy Industries Thermal

Systems, Ltd.
Tokyo 108-8215 (JP)

(72) Inventors:

* HOTTA Youhei
Tokyo 108-8215 (JP)

* KIMATA Yoshiyuki
Tokyo 108-8215 (JP)

¢ SATO Hajime
Tokyo 108-8215 (JP)

* GOTO Toshiyuki
Tokyo 108-8215 (JP)

(74) Representative: Cabinet Beau de Loménie
158, rue de I’'Université
75340 Paris Cedex 07 (FR)

(54) HERMETIC TWO-STAGE COMPRESSOR
(57) A hermetic two-stage compressor is equipped
with a scroll compressor (13) that further compresses a
refrigerant (R) discharged from a rotary compressor (12),
and is arranged above an upper bearing (31) having a
bearing (31a) supporting a rotary shaft (15) in the upper
part inside a housing (11) in the interior of which is an oil
storage (01), and a bearing casing (31b) supporting the
bearing (31a) in the housing (11). The bearing casing
(31b) is provided with: inflow channels (FC), which are
equipped with intake openings (FCa) that are provided
soas to draw therefrigerant (R) into the scroll compressor
(13), and that open downward; and a restricting surface
(62), which is arranged between the intake openings
(FCa) and an electric motor (14), and is provided from
the inner surface of the housing (11) toward the inside in
the radial direction, so as to restrict the flow of the refrig-
erant (R) to the intake openings (FCa) on the outside in
the radial direction.
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Description
Technical Field

[0001] The presentinvention relates to a hermetic two-
stage compressor.

[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2016-081000, filed April 14, 2016, the content
of which is incorporated herein by reference.

Background Art

[0003] In the related art, for example, a hermetic two-
stage compressor is known, which is used for refrigera-
tion air conditioning and includes a low stage-side com-
pression section and a high stage-side compression sec-
tion which are sealed in a housing. In addition, an exam-
ple of the hermetic two-stage compressor is disclosed in
PTL 1.

[0004] In the hermetic two-stage compressor of PTL
1, a rotary compressor is disposed as a low stage-side
compression section, a scroll compressor is disposed as
a high stage-side compression section, a gas supplied
into a housing is compressed by the rotary compressor,
and thereafter, the gas is further compressed by the scroll
compressor to be discharged from the housing. The her-
metic two-stage compressor is operated in a state where
alubricating oil of the low stage-side compression section
and the high stage-side compression section is held in
the housing.

[0005] Here, in the hermetic two-stage compressor
disclosed in PTL 1, a bearing bracket is provided in a
divided portion of an upper and lower split type housing,
and an oil circulation amount (OC%) in a refrigerating
cycle is reduced by allowing the gas in a central region
where an oil content is small to flow into the scroll com-
pressor while preventing the gas in an outer peripheral
region inside the housing containing a lot of oil from flow-
ing into the scroll compressor.

Citation List
Patent Literature

[0006] [PTL 1]Japanese Unexamined Patent Applica-
tion Publication No. 2009-180107

Summary of Invention
Technical Problem

[0007] However, in the bearing bracket of PTL 1, in a
case where a member for decreasing the oil circulation
amount (OC%) in the refrigerating cycle is provided in
the housing by welding, there is a possibility that strain
occurs in the housing. Accordingly, it is difficult to accu-
rately manufacture the hermetic two-stage compressor,
and it takes time and labor to manufacture. In addition,
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the bearing bracket of the hermetic two-stage compres-
sor of PTL 1 receives a load from a bearing case, and
thus, it is necessary to increase a thickness so as to se-
cure strength. As a result, an internal volume of the hous-
ing decreases, which is disadvantageous when oil is sep-
arated from the gas.

[0008] Accordingly, the present invention is to provide
a hermetic two-stage compressor capable of being easily
manufactured and effectively separating oil from a gas.
Solution to Problem

[0009] According to a first aspect of the present inven-
tion, there is provided a hermetic two-stage compressor
including: a housing which includes an oil storage inside
the housing; a rotary shaft which is disposed in the hous-
ing; a motor which is disposed in the housing so as to
rotate the rotary shaft and includes a stator which is pro-
vided on aradially outer side and a rotor which is provided
on a radially inner side; a low stage-side compression
section which is disposed on one side (a first end side)
in an axial direction of the rotary shaft with respect to the
motor in the housing and is connected to the rotary shaft
so as to compress a gas; a bearing device which is dis-
posed on the other side (a second end side) in the axial
direction with respect to the motor in the housing and
includes a bearing which supports the rotary shaft and a
bearing casing which supports the bearing to the hous-
ing; and a high stage-side compression section which is
disposed on the other side (the second end side) in the
axial direction with respect to the bearing device and fur-
ther compresses the gas discharged from the low stage-
side compression section, in which the bearing casing
includes a suction channel which is provided to suck the
gas into the high stage-side compression section and
includes a suction opening which is open to the one side
(first end side) in the axial direction, and a restricting sur-
face which is disposed between the suction opening and
the motor and is provided toward the radially inner side
from an inner surface of the housing so as to restrict a
flow of the gas to the suction opening on the radially outer
side.

[0010] In the hermetic two-stage compressor, the oil
of the oil storage and the gas are compressed in the low
stage-side compression section. Accordingly, the oil is
contained in the gas which is discharged from the low
stage-side compression section. A portion of the gas con-
taining the oil flows out toward the motor, and thereafter,
flows to the high stage-side compression section through
the gap between the stator and the rotor or a through-
hole provided in the rotor. In addition, when the gas pass-
es through the motor, the oil in the gas comes into contact
with the rotor or an oil separation plate provided above
the rotor, and thus, a content of the oil in the gas decreas-
es. Meanwhile, the gas which has passed through a por-
tion between the stator and the housing does not come
into contact with the rotor and flows toward the high
stage-side compression section as it is. Accordingly, the
gas flows toward the high stage-side compression sec-
tion in a state where the content of the oil in the gas is
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high. That is, the amount of the oil in the gas discharged
from the low stage-side compression section decreases
on the radially inner side of the housing and increases
on the radially outer side thereof.

[0011] Here, inthe present aspect, according to a sim-
ple method in which the restricting surface is provided in
the bearing casing, the flow of the gas to the suction
opening on the radially outer side can be restricted.
Therefore, it is possible to prevent the gas having a high
content of oil on the radially outer side flows into the suc-
tion channel through suction opening as itis, and the gas
on the radially inner side having a low content of oil can
flow into the suction channel through the suction opening.
As aresult, it is possible to supply the gas having a low
content of oil to the high stage-side compression section,
and it is possible to decrease the amount of the oil in the
gas which is compressed by the high stage-side com-
pression section and is discharged therefrom. Therefore,
itis possible to decrease an oil circulation amount (OC%)
in a system including the hermetic two-stage compres-
sor.

[0012] In addition, if the gas on the radially outer side
comes into contact with the restricting surface, the oil in
the gas is attached to the restricting surface, and the gas
in which the content of the oil has decreased is guided
to the radially inner side by the restricting surface and
flows from the suction opening into the suction channel.
Accordingly, in a state where the amount of the oil in the
gas is decreased by the restricting surface, the gas is
supplied from the suction channel to the high stage-side
compression section, and thus, it is possible to decrease
the amount of the oil in the gas which is compressed by
the high stage-side compression section and is dis-
charged therefrom, and it is possible to decrease the oil
circulation amount (OC%) in the system.

[0013] Moreover, in the first aspect, the hermetic two-
stage compressor according to a second aspect of the
presentinvention may further include an inflow restricting
plate which is fixed to the bearing casing, is formed in a
plate shape, and includes the restricting surface on the
one side (first end side) of the axial direction.

[0014] In this way, the inflow restricting plate is provid-
ed in the bearing casing, and thus, itis possible to provide
the restricting surface in the bearing casing. Therefore,
compared to a case where a member corresponding to
the inflow restricting plate is attached to the housing so
as to provide the restricting surface, it is possible to very
easily provide the restricting surface in the bearing cas-
ing. In addition, it is possible to easily provide the restrict-
ing surface in the existing bearing casing.

[0015] Moreover, in the hermetic two-stage compres-
sor according to a third aspect of the present invention,
in the first or second aspect, the restricting surface may
include a flat surface which is provided on an end portion
on the radially outer side which is an inner surface side
of the housing and is perpendicular to the axis to be
formedin an annular shape about the axis and aninclined
surface which is inclined toward the one side (first end
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side) in the axial direction from the flat surface toward
the radially inner side so as to be formed in a truncated
conical shape about the axis.

[0016] In this way, the inclined surface which is formed
in a truncated conical shape is provided as the restricting
surface, and thus, it is possible to form the opening por-
tion which is formed in an annular shape about the axis
so as to extend from the suction opening to the one side
(first end side) in the axial direction. Accordingly, the
opening portion extending from the suction opening can
be formed in an annular shape, and thus, an opening
area can be secured, and it is possible to secure a flow
rate of the gas flowing from the inside of the housing into
the suction channel. In addition, the gas having a high
content of oil in the radially outer side region flows to the
radially inner side along the flat surface of the restricting
surface, and thereafter, collides with the inclined surface,
and thus, the oil can be attached to the inclined surface.
Accordingly, the gas flows into the suction channel in a
state where the content of the oil in the gas further de-
creases, and thus, it is possible to decrease the amount
of the oil in the gas supplied to the high stage-side com-
pression section, and it is possible to decrease the
amount of the oil in the gas which is compressed by the
high stage-side compression section and is discharged
therefrom. Accordingly, it is possible to further decrease
the oil circulation amount (OC%) in the system.

[0017] Moreover, in the hermetic two-stage compres-
sor according to a fourth aspect of the present invention,
in any one of the first to third aspects, an inner edge
portion on the radially inner side of the restricting surface
may be disposed at a position on the radially inner side
of the stator, and the restricting surface may close a por-
tion of the suction opening so as to secure an intake
amount of the gas required in the high stage-side com-
pression section.

[0018] Inthisway, the inner edge portion of the restrict-
ing surface is positioned on the radially inner side from
the stator, and thus, the restricting surface extends to the
position of the rotor. Accordingly, the gas which comes
into contact with the rotor so as to sufficiently decrease
the amount of the oil can flow from the suction opening
into the suction channel. Therefore, itis possible to further
decrease the amount of the oil in the gas which is com-
pressed by the high stage-side compression section and
is discharged therefrom, and it is possible to further de-
crease the oil circulation amount (OC%) in the system.
Moreover, at this case, it is possible to secure an intake
amount of the gas required in the high stage-side com-
pression section, and it is possible to prevent compres-
sion efficiency in the high stage-side compression sec-
tion from decreasing.

[0019] In addition, in any one of the first to fourth as-
pects, the hermetic two-stage compressor according to
a fifth aspect of the present invention may further include
a seal member which is provided in a gap between an
outer edge portion on the radially outer side of the re-
stricting surface and the inner surface of the housing.
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[0020] The gas having a high content of oil which has
passed through a portion between the housing and the
stator in the radially outer side region in the housing can
be prevented from flowing from the portion between the
restricting surface and the housing into the high stage-
side compression section as it is, by the seal member.
Accordingly, itis possible to further decrease the amount
of the oil in the gas which is compressed by the high
stage-side compression section and is discharged there-
from, and it is possible to further decrease the oil circu-
lation amount (OC%) in the system.

[0021] Inaddition, in any one of the first to fifth aspects,
the hermetic two-stage compressor according to a sixth
aspect of the present invention may further include an oil
return section which is provided at a position of an end
portion on the radially outer side in the bearing casing
and causes the high stage-side compression section and
the one side (first end side) in the axial direction from the
bearing casing in the housing to communicate with each
other such that oil from the high stage-side compression
section can flow through the oil return section.

[0022] The oil return section is provided, and thus, the
oil used forlubricating in the high stage-side compression
section is returned into the housing through the oil return
section. Accordingly, it is possible to further decrease the
amount of the oil in the gas which is compressed by the
high stage-side compression section and is discharged
therefrom, and it is possible to further decrease the oil
circulation amount (OC%) in the system.

[0023] In addition, the oil return section is provided on
the end portion on the radially outer side of the bearing
casing, and thus, the oil return section is provided at a
position separated from the suction opening which is
open to the radially inner side. Therefore, the oil which
is returned from the oil return section to the housing can
be prevented from flowing from the suction opening into
the suction channel as it is. Accordingly, it is possible to
further decrease the amount of the oil in the gas which
is compressed by the high stage-side compression sec-
tion and is discharged therefrom, and it is possible to
further decrease the oil circulation amount (OC%) in the
system.

[0024] Moreover, in the hermetic two-stage compres-
sor according to a seventh aspect of the present inven-
tion, in any one of the first to sixth aspects, an accom-
modation portion which extends in the axial direction and
through which a wire of the motor can be inserted may
be provided in the bearing casing, and the hermetic two-
stage compressor may further include a seal member
which is provided in a gap between the restricting surface
and the wire of the motor.

[0025] Even when the accommodation portion into
which the wire of the motor is inserted is formed in the
bearing casing, the gap between the restricting surface
and the wire of the motor can be sealed by the seal mem-
ber. Accordingly, it is possible to prevent the gas con-
taining the oil from being supplied to the high stage-side
compression section through the gap as it is.
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Advantageous Effects of Invention

[0026] According to the hermetic two-stage compres-
sor, the method of providing the restricting surface in the
bearing casing is used, and thus, it is possible to easily
manufacture the hermetic two-stage compressor, and it
is possible to effectively separate the oil in the gas by the
restricting surface.

Brief Description of Drawings
[0027]

Fig. 1 is a longitudinal sectional view showing a her-
metic two-stage compressor according to a firstem-
bodiment of the present invention.

Fig. 2 shows the hermetic two-stage compressor ac-
cording to the first embodiment of the present inven-
tion and is a longitudinal sectional view at a sectional
position from the sectional position of Fig. 1 in a cir-
cumferential direction.

Fig. 3 is a view showing a bearing casing and an
inflow restricting plate of the hermetic two-stage
compressor according to the first embodiment of the
present invention and shows a cross section taken
along line |-l of Fig. 1.

Fig. 4 is a longitudinal sectional view showing a her-
metic two-stage compressor according to a second
embodiment of the present invention.

Fig. 5 is a view showing a bearing casing and an
inflow restricting plate of the hermetic two-stage
compressor according to the second embodiment of
the present invention and shows a cross section tak-
en along line IV-1V of Fig. 4.

Fig. 6 is a view showing a bearing casing and an
inflow restricting plate of a hermetic two-stage com-
pressor according to a modification example of the
embodiment of the present invention.

Description of Embodiments
[First Embodiment]

[0028] Hereinafter, a hermetic two-stage compressor
1 (hereinafter, referred to as a two-stage compressor 1)
according to a first embodiment of the present invention
will be described.

[0029] AsshowninFigs. 1and 2, forexample, the two-
stage compressor 1 compresses a refrigerant R which
is a gas such as carbon dioxide. The two-stage compres-
sor 1 includes a housing 11, a rotary compressor (low
stage-side compression section) 12, a scroll compressor
(high stage-side compression section) 13, an electric mo-
tor 14, a rotary shaft 15, and a bearing device 30 which
are provided inside the housing 11, and an inflow restrict-
ing plate 61 which is fixed to the bearing device 30.
[0030] The housing 11 includes a main body portion
21 which is formed in a cylindrical shape, and an upper
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cover portion 22 and a lower cover portion 23 which close
an upper opening and a lower opening of the main body
portion 21. In addition, a space inside the housing 11 is
sealed.

[0031] The rotary shaft 15 is disposed to extend verti-
cally inside the housing 11.

[0032] The electric motor 14 is disposed on an outer
peripheral side of the rotary shaft 15 and rotates the rotary
shaft 15 around an axis X. That is, the electric motor 14
includes a rotor 38 which is fixed to an outer peripheral
surface of the rotary shaft 15, and a stator 39 which ra-
dially faces the rotor 38 with a gap between the stator 39
and the outer peripheral surface of the rotor 38 and is
fixed to an inner surface of the main body portion 21 of
the housing 11.

[0033] The electric motor 14 is connected to a power
source (not shown) via a wire 14a and rotates the rotary
shaft 15 by power from the power source. A portion of
the stator 39 in a circumferential direction is fixed to the
inner surface of the housing 11, and in portions other
than the portion fixed to the inner surface of the housing
11, the inner surface of the housing 11 and the stator 39
are disposed with a gap S in a radial direction.

[0034] The rotary compressor 12 is disposed at a po-
sition adjacent to the lower cover portion 23 at a lower
portion which is one in a direction of the axis X of the
electric motor 14 inside the housing 11. The rotary com-
pressor 12 includes an eccentric shaft portion 41 which
is provided on the rotary shaft 15, a piston rotor 42 which
is fixed to the eccentric shaft portion 41 and is eccentri-
cally rotated about the axis X according to a rotation of
the rotary shaft 15, and a cylinder 44 which includes a
compression chamber C1 accommodating the piston ro-
tor 42 is formed inside the cylinder 44.

[0035] A suction hole 44athrough which the refrigerant
R can flow into the cylinder 44 is formed in the cylinder
44. A suction pipe 33 which is provided to penetrate the
main body portion 21 of the housing 11 is connected to
the suction hole 44a and the refrigerant R is supplied
through the suction pipe 33 from the outside of the hous-
ing 11. In addition, a discharge hole (not shown) is formed
in the cylinder 44, and the refrigerant R compressed by
the rotary compressor 12 is discharged from the dis-
charge hole to a region in the housing 11 in which the
electric motor 14 is provided.

[0036] In addition, oil A is stored in the bottom portion
of the housing 11 and an oil storage 01 is provided in the
bottom portion. When the oil A is initially sealed, a liquid
surface of the oil storage 01 is positioned above the rotary
compressor 12. Accordingly, the rotary compressor 12
is driven in the oil storage 01.

[0037] The scrollcompressor 13 is disposed above the
electric motor 14 inside the housing 11. The scroll com-
pressor 13 includes a fixed scroll 51 which is fixed to an
upper bearing 31 and an orbiting scroll 57 which is dis-
posed to face the fixed scroll 51 below the fixed scroll 51.
[0038] The fixed scroll 51 includes an end plate 52
which is fixed to an upper surface of the upper bearing

10

15

20

25

30

35

40

45

50

55

31 and a fixed lap 53 which protrudes downward from
the end plate 52. A discharge hole 52a which vertically
penetrates the end plate 52 is formed at a center portion
(in the vicinity of the axis X) of the end plate 52.

[0039] The orbiting scroll 57 includes an end plate 58
which is disposed to be interposed between the bearing
device 30 (upper bearing 31 described below) and the
end plate 52 of the fixed scroll 51 in the direction of the
axis X and is fixed to the rotary shaft 15, and an orbiting
lap 59 which protrudes upward from the end plate 58.
[0040] The end plate 58 is fixed to an eccentric shaft
portion 56 provided on an upper end of the rotary shaft
15 and is eccentrically rotated about the axis X according
to the rotation of the rotary shaft 15.

[0041] The orbiting lap 59 meshes with the fixed lap
53, and thus, a compression chamber C2 in which the
refrigerant R is compressed is formed between the orbit-
ing lap 59 and the fixed lap 53.

[0042] Here, a suction hole (not shown) is formed in
the fixed scroll 51, and the refrigerant R which is com-
pressed by the rotary compressor 12 and is discharged
into the housing 11 can be sucked into the compression
chamber C2viathe bearing device 30 through the suction
hole. The refrigerant R compressed in the compression
chamber C2 is discharged to the outside of the housing
11 from a discharge pipe 34 through the discharge hole
52a of the fixed scroll 51, and the discharge pipe 34 is
open to a space surrounded by the fixed scroll 51 fixed
to the upper portion of the fixed scroll 51 in the housing
11 and the discharge cover 50 and is provided to pene-
trate the housing 11 so as to extend the outside of the
housing 11.

[0043] The bearing device 30 includes the upper bear-
ing 31 which is provided on the upper portion of the hous-
ing 11 inside the housing 11, and lower bearings 32A
and 32B which are provided on the lower portion of the
housing 11 inside the housing 11.

[0044] The lower bearings 32A and 32B rotatably sup-
port the rotary shaft 15 with respect to the housing 11 at
the lower portion of the housing 11. Specifically, the rotary
compressor 12 is vertically disposed in the direction of
the axis X between the lower bearings 32A and 32B, and
the lower bearings 32A and 32B are fixed to the cylinder
44 by a bolt 48.

[0045] The upper bearing 31 includes a bearing 31a
which rotatably supports the rotary shaft 15 around the
axis X of the rotary shaft 15 with respect to the housing
11 and a bearing casing 31b which supports the bearing
31a on the housing 11 integrally with the bearing 31a.
[0046] As shown in Figs. 1 to 3, a plurality of suction
channels FC are provided in the bearing casing 31b, and
the suction channels FC extend to be parallel to the axis
X over the entire region of the bearing casing 31b in the
direction of the axis X with intervals to each other in the
circumferential direction. In the present embodiment,
each of the suction channels FC is a recessed groove
having a rectangular cross section which is recessed
from the outer peripheral surface of the bearing casing
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31b toward the radially inner side.

[0047] In addition, a suction opening FCa is provided
in the bearing casing 31b, and the suction opening FCa
extends from a lower end of the suction channel FC to-
ward the radially inner side so as to be continued to the
lower side which is one side (first end side) of the axis X
and is open in a fan shape downward when the bearing
casing 31b is viewed.

[0048] Inaddition, arecessed portion (accommodation
portion) 31c is provided in the bearing casing 31b, and
the recessed portion 31c is recessed over the entire re-
gionin the direction of the axis X from the outer peripheral
surface toward the radially inner side at a position at
which the recessed portion does not interfere with the
suction opening FCa. The wire 14a of the electric motor
14 is disposed inside the recessed portion. A seal mem-
ber 65 is provided in a gap among the recessed portion
31c, the wire 14a, and the inner surface of the housing
11. For example, as the seal member 65, a seal material
such as a resin can be used.

[0049] In addition, a bearing channel 31d (refer to Fig.
2) is formed in the bearing casing 31b, and the bearing
channel 31d radially penetrates the bearing casing 31b
and is open to the inside of the housing 11 at a position
in the direction of the axis X at which the orbiting scroll
57 is fixed to the eccentric shaft portion 56.

[0050] In addition, an oil return pipe (oil return section)
72isprovidedinthe bearing casing 31b, and, ata position
at which the oil return pipe 72 does not interfere with the
suction opening FCa and the recessed portion 31c and
a position of an end portion on the radially outer side, the
oil return pipe 72 communicates with the bearing channel
31d, penetrates the bearing casing 31b toward the elec-
tric motor 14 to extend along the inner surface of the
housing 11, and protrudes downward from the bearing
casing 31b.

[0051] As shown in Fig. 3, the inflow restricting plate
61 is fixed to the bearing casing 31b by bolts 60 from
below. The inflow restricting plate 61 is formed in an an-
nular shape about the axis X. The inflow restricting plate
61 includes a plurality of notches 63, which are cut out
from the end portion on the radially inner side toward the
radially inner side, at positions corresponding to the suc-
tion openings FCa. A lower surface of the inflow restrict-
ing plate 61 becomes a restricting surface 62, and a bot-
tom portion of each notch 63 forms an inner edge portion
62a of the restricting surface 62. The inner edge portion
62a has a curved shape formed along the circumferential
direction. The inner edge portion 62a is positioned at a
radially intermediate position of the suction opening FCa,
and as a result, only the radially inner position of the
suction opening FCa is open toward the electric motor
14 by the inflow restricting plate 61. Accordingly, a flow
of the refrigerant R to the suction opening FCa on the
radially outer side is restricted by the restricting surface
62.

[0052] In addition, a notch 61a is provided in the inflow
restricting plate 61, and the notch 61a is recessed from
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the outer edge portion 62b toward the radially inner side
at a position corresponding to the position of the wire 14a
so as not to interfere with the wire 14a.

[0053] As shown in Fig. 1, when viewed from a cross
section including the axis X, the restricting surface 62 is
provided to protrude from the inner surface of the housing
11 toward the radially inner side.

[0054] In addition, in the present embodiment, a seal
member 66 is provided in a gap between the inner surface
of the housing 11 and an outer edge portion 62b (an end
edge on the radially outer side along the inner surface of
the housing 11) of the restricting surface 62. As the seal
member 66, a seal member formed of a resin, an O ring,
or the like can be used.

[0055] In the two-stage compressor 1 of the above-
described presentembodiment, the oil A of the oil storage
01 and the refrigerant R are compressed by the rotary
compressor 12. Accordingly, the oil A is included in the
refrigerant R discharged from the rotary compressor 12.
A portion of the refrigerant R including the oil A flows out
toward the electric motor 14, and thereafter, flows toward
the scroll compressor 13 through the gap between the
stator 39 and the rotor 38 or the through-hole 37 provided
in the rotor 38. In addition, when the refrigerant R passes
through the electric motor 14, the oil A in the refrigerant
R comes into contact with the rotor 38 or an oil separation
plate 38a which is provided on the rotor 38 and extends
in the radial direction, and thus, a content of the oil A in
the refrigerant R decreases.

[0056] Meanwhile, the refrigerant R which has passed
through the gap S between the stator 39 and the housing
11 does not come into contact with the rotor 38 and flows
toward the scroll compressor 13 as it is. Accordingly, the
refrigerant R flows toward the scroll compressor 13 in a
state where the content of the oil A in the refrigerant R
is high. That is, the amount of the oil A in the refrigerant
R discharged from the rotary compressor 12 decreases
on the radially inner side of the housing 11 and increases
on the radially outer side thereof.

[0057] Here, in the present embodiment, the inflow re-
stricting plate 61 having the restricting surface 62 is pro-
vided in the bearing casing 31b, and thus, the flow of the
refrigerant R to the suction opening FCa on the radially
outer side can be restricted. Accordingly, it is possible to
prevent the refrigerant R having a high content of oil A
on the radially outer side flows into the suction channel
FC through the suction opening FCa as it is. In addition,
the refrigerant R on the radially inner side having a low
content of oil A can flow into the suction channel FC
through the suction opening FCa.

[0058] Asaresult,itis possible to supply the refrigerant
R having a low content of oil A to the scroll compressor
13, and it is possible to decrease the amount of the oil A
in the refrigerant R which is compressed by the scroll
compressor 13 and is discharged therefrom. Itis possible
to decrease an oil circulation amount (OC%) in a system
including the two-stage compressor 1.

[0059] In addition, if the refrigerant R on the radially
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outer side comes into contact with the restricting surface
62, the oil A in the refrigerant R is attached to the restrict-
ing surface 62, and the refrigerant R in which the content
of the oil A has decreased is guided to the radially inner
side by the restricting surface 62 and flows from suction
opening FCa into suction channel FC. Accordingly, in a
state where the amount of the oil A in the refrigerant R
is decreased by the restricting surface 62, the refrigerant
R is supplied from the suction channel FC to the scroll
compressor 13. In this way, it is possible to decrease the
amount of the oil A in the refrigerant R which is com-
pressed by the scroll compressor 13 and is discharged
from the discharge pipe 34 to the outside of the housing
11, and it is possible to decrease the oil circulation
amount (OC%) in the system.

[0060] In addition, the inflow restricting plate 61 is pro-
vided in the bearing casing 31b, and thus, the restricting
surface 62 can be provided in the bearing casing 31b.
Accordingly, compared to a case where a member cor-
responding to the inflow restricting plate 61 is attached
to the housing 11, a welding work or the like with respect
to the housing 11 is not required, and it is possible to very
easily provide the restricting surface 62 in the bearing
casing 31b. Accordingly, it is possible to effectively sep-
arate the oil A in the refrigerant R from the refrigerant R
while easily manufacturing the two-stage compressor 1
having the restricting surface 62.

[0061] In addition, the oil return pipe 72 is provided,
and thus, the oil which is used to lubricate the high stage-
side compression section is returned into the housing 11
through the oil return pipe 72. Accordingly, it is possible
to further decrease the amount of the oil A in the refrig-
erant R which is compressed by the scroll compressor
13 and is discharged therefrom. In addition, the oil return
pipe 72 is provided on the end portion on the radially
outer side of the bearing casing 31b, and thus, the oll
return pipe 72 is provided at a position separated from
the opening portion on the radially inner side in the suc-
tion opening FCa on the radially inner side. Therefore,
the oil A which is returned from the oil return pipe 72 to
the housing 11 can be prevented from flowing from the
suction opening FCa into the suction channel FC as it is.
Accordingly, itis possible to further decrease the amount
of the oil A in the refrigerant R which is compressed by
the scroll compressor 13 and is discharged therefrom.
[0062] In addition, the refrigerant R having a high con-
tent of oil A which has passed through the gap S between
the housing 11 and the stator 39 in the region on the
radially outer side inside the housing 11 can be prevented
from flowing from the portion between the restricting sur-
face 62 and the inner surface of the housing 11 into the
scroll compressor 13 as it is by the seal member 66.
Therefore, it is possible to further decrease the amount
of the oil A in the refrigerant R which is compressed by
the scroll compressor 13 and is discharged therefrom.
[0063] Inaddition, even when the recessed portion 31¢c
into which the wire 14a of the electric motor 14 is inserted
is formed in the bearing casing 31b, it is possible to seal
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the gap among the recessed portion 31c, the wire 14a,
and the inner surface of the housing 11 by the seal mem-
ber 65. Accordingly, it is possible to prevent the refriger-
ant R including the oil A from being supplied to the scroll
compressor 13 through the gap as it is.

[Second Embodiment]

[0064] Next, a two-stage compressor 80 according to
a second embodiment of the present invention will be
described with reference to Figs. 4 and 5. In Fig. 4, for
convenience of descriptions, the wire 14a of the electric
motor 14 and the oil return pipe 72 are not shown.
[0065] The same reference numerals are assigned to
the components similar to those of the second embodi-
ment, and detail descriptions.

[0066] In the two-stage compressor 80 of the present
embodiment, an inflow restricting plate 81 having a re-
stricting surface 82 is different from the inflow restricting
plate 61 of the first embodiment.

[0067] The inflow restricting plate 81 includes an an-
nular portion 83 which is disposed on the radially outer
side along the inner surface of the housing 11 and is
formed in an annular shape about the axis X, and a con-
ical portion 84 which is continuous to the radially inner
side of the annular portion 83 so as to be provided inte-
grally with the annular portion 83.

[0068] A lower surface of the annular portion 83 is a
flat surface 86 which is formed in an annular shape about
the axis X. In addition, an outer surface of the conical
portion 84 is an inclined surface 87 which is formed in a
truncated conical shape about the axis X. The inclined
surface 87 is inclined downward from the flat surface 86
toward the radially inner side.

[0069] In this way, the restricting surface 82 of the
present embodiment includes the flat surface 86 and the
inclined surface 87. An inner edge portion 87a which is
an end edge on the radially inner side of the inclined
surface 87 is positioned on the radially inner side from
the stator 39 and on the radially outer side from the bear-
ing casing 31b and the rotary shaft 15.

[0070] In addition, in the present embodiment, the in-
ner edge portion 87a of the inflow restricting plate 81 is
disposed at a position at which an intake amount of the
refrigerant R required in the scroll compressor 13 can be
secured, that is, an opening area of the suction opening
FCa can be secured.

[0071] In the two-stage compressor 80 of the above-
described present embodiment, the restricting surface
82 has the inclined surface 87, and thus, it is possible to
form an opening portion OP which is formed in an annular
shape about the axis X so as to extend downward in the
direction of the axis X from the suction opening FCa.
Accordingly, compared to the first embodiment, the area
of the suction opening FCa which is open toward the
electric motor 14 can increase. Therefore, it is possible
to secure a flow rate of the refrigerant R flowing from the
inside of the housing 11 into the suction channel FC.
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[0072] In addition, the refrigerant R having a high con-
tent of the oil A in the radially outer side region in the
housing 11 flows to the radially inner side along the flat
surface 86, and thereafter, collides with the inclined sur-
face 87, and thus, the oil A can be attached to the inclined
surface 87. Accordingly, the refrigerant R can flow into
the suction channel FC in a state where the content of
the oil A in the refrigerant R further decreases so as to
be supplied to the scroll compressor 13. As a result, itis
possible to further decrease the amount of the oil A in
the refrigerant R which is compressed by the scroll com-
pressor 13 andis discharged to the outside of the housing
11 anditis possible to further decrease the oil circulation
amount (OC%) in the system including the two-stage
compressor 80.

[0073] In addition, in the present embodiment, the in-
ner edge portion 87a on the radially inner side of the
inclined surface 87 is positioned on the radially inner side
from the stator 39, and thus, the restricting surface 82
extends to the position of the rotor 38. Accordingly, the
refrigerant R flowing through the radially inner side in the
housing 11 and the oil A in the refrigerant R come into
contact with the rotor 38, and the refrigerant R in which
the amount of the oil A is sufficiently decreased by the
rotor 38 can flow from the suction opening FCa into the
suction channel FC.

[0074] In addition, the inner edge portion 87a of the
inflow restricting plate 81 is disposed at the position at
which the intake amount of the refrigerant R required in
the scroll compressor 13 can be secured, and thus, it is
possible to prevent compression efficiency in the scroll
compressor 13 from decreasing.

[0075] Hereinbefore, the embodiments of the present
invention are described in detail with reference to the
drawings. However, the respective configurations and
combinations thereof in the respective embodiments are
merely examples, and additions, omissions, substations,
and other modifications of configurations are possible
within the scope which does not depart from the gist of
the present invention. In addition, the present invention
is not limited to the embodiments and are limited by only
claims.

[0076] For example, the bearing casing 31b and each
of the inflow restricting plates 61 and 81 may be integrat-
ed with each other. That is, each of the restricting sur-
faces 62 and 82 may be directly provided in the bearing
casing 31b.

[0077] Inaddition, similarly to the second embodiment,
in the first embodiment, the inner edge portion 62a of the
restricting surface 62 may be disposed on the radially
inner side from the stator 39. In addition, in this case, the
position of the inner edge portion 62a may be determined
such that the intake amount of the refrigerant R required
in the scroll compressor 13 can be secured.

[0078] In addition, in the bearing casing 31b, instead
of the recessed portion 31c, a through-hole penetrating
the bearing casing 31b in the direction of the axis X may
be formed such that the wire 14a is inserted into the

10

15

20

25

30

35

40

45

50

55

through-hole so as to be disposed.

[0079] In addition, as shown in Fig. 6, an annular re-
cessed portion 90 which is recessed upward and is
formed in an annular shape about the axis X may be
provided in the restricting surface 62A. According to the
annular recessed portion, the refrigerant R on the radially
outer side comes into contact with the restricting surface
62A, and thus, the oil A attached to the restricting surface
62A flows toward the radially inner side, and itis possible
to prevent the oil A from being sucked into the suction
opening FCa. The annular recessed portion 90 can be
provided in any one of the restricting surface 62 of the
first embodiment and the restricting surface 82 of the
second embodiment.

[0080] In addition, in the housing 11, the rotary com-
pressor 12 is provided as the low stage-side compressor
and the scroll compressor 13 is provided as the high
stage-side compressor. However, the present invention
is not limited to this. For example, the scroll compressor
13 may be provided as the low stage-side compressor
and the rotary compressor 12 may be used as the high
stage-side compressor. In addition, the scroll compres-
sor 13 may be provided on both the low stage side and
the high stage side, or the rotary compressor 12 may be
provided on both the low stage side and the high stage
side. In addition, a compressor other than the scroll com-
pressor 13 and the rotary compressor 12 may be provid-
ed.

[0081] Moreover, the restricting surfaces 62 and 82
may be provided in a two-stage compressorwhichis used
in a horizontal position so that the axis of the rotary shaft
extends in a horizontal direction.

Industrial Applicability

[0082] According to the hermetic two-stage compres-
sor, the hermetic two-stage compressor can be easily
manufactured, and the oil in the gas can be effectively
separated. Reference Signs List

[0083]

1, 80: hermetic two-stage compressor

11: housing

12: rotary compressor (low stage-side compression
section)

13: scroll compressor (high stage-side compression
section)

14: electric motor

14a: wire

15: rotary shaft

21: main body portion

22: upper cover portion

23: lower cover portion

30: bearing device

31: upper bearing

31a: bearing

31b: bearing casing

31c: recessed portion (accommodation portion)
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31d: bearing channel

32A, 32B: lower bearing
33: suction pipe

34: discharge pipe

37: through-hole

38: rotor

38a: oil separation plate
39: stator

41: eccentric shaft portion
42: piston rotor

44: cylinder

44a: suction hole

48: bolt

50: discharge cover

51: fixed scroll

52: end plate

52a: discharge hole

53: fixed lap

56: eccentric shaft portion
57: orbiting scroll

58: end plate

59: orbiting lap

60: bolt

61: inflow restricting plate
61a: notch

62, 62A: restricting surface
62a: inner edge portion
62b: outer edge portion
63: notch

65: seal member

66: seal member

72: oil return pipe (oil return section)
81: inflow restricting plate
82: restricting surface

83: annular portion

84: conical portion

86: flat surface

87: inclined surface

87a: inner edge portion
90: annular recessed portion
C1: compression chamber
C2: compression chamber
01: oil storage

R: refrigerant

X: axis

A: oil

S: gap

FC: suction channel

FCa: suction opening

OP: opening portion

Claims

A hermetic two-stage compressor comprising:

a housing which includes an oil storage inside
the housing;
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a rotary shaft which is disposed in the housing;
a motor which is disposed in the housing so as
to rotate the rotary shaft and includes a stator
which is provided on a radially outer side and a
rotor which is provided on a radially inner side;
a low stage-side compression section which is
disposed on one side in an axial direction of the
rotary shaft with respect to the motorin the hous-
ing and is connected to the rotary shaft so as to
compress a gas;

a bearing device which is disposed on the other
side in the axial direction with respect to the mo-
tor in the housing and includes a bearing which
supports the rotary shaft and a bearing casing
which supports the bearing to the housing; and
a high stage-side compression section which is
disposed on the other side in the axial direction
with respect to the bearing device and further
compresses the gas discharged from the low
stage-side compression section,

wherein the bearing casing includes

a suction channel which is provided to suck
the gas into the high stage-side compres-
sion section and includes a suction opening
which is open to the one side in the axial
direction, and

a restricting surface which is disposed be-
tween the suction opening and the motor
and is provided toward the radially inner
side from an inner surface of the housing
so as to restrict a flow of the gas to the suc-
tion opening on the radially outer side.

The hermetic two-stage compressor according to
claim 1, further comprising:

aninflow restricting plate which is fixed to the bearing
casing, is formed in a plate shape, and includes the
restricting surface on the one side of the axial direc-
tion.

The hermetic two-stage compressor according to
claim 1 or 2,
wherein the restricting surface includes

aflatsurface whichis provided on an end portion
on the radially outer side which is an inner sur-
face side of the housing and is perpendicular to
the axis to be formed in an annular shape about
the axis, and

an inclined surface which is inclined toward the
one side in the axial direction from the flat sur-
face toward the radially inner side so as to be
formed in a truncated conical shape about the
axis.

4. A hermetic two-stage compressor according to any

one of claims 1 to 3,
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wherein an inner edge portion on the radially inner
side of the restricting surface is disposed at a position
on the radially inner side of the stator, and

wherein the restricting surface closes a portion of
the suction opening so as to secure an intake amount
of the gas required in the high stage-side compres-
sion section.

The hermetic two-stage compressor according to
any one of claims 1 to 4, further comprising:

a seal member which is provided in a gap between
an outer edge portion on the radially outer side of
the restricting surface and the inner surface of the
housing.

The hermetic two-stage compressor according to
any one of claims 1 to 5, further comprising:

an oil return section which is provided at a position
of an end portion on the radially outer side in the
bearing casing, and causes the high stage-side com-
pression section and the one side in the axial direc-
tion from the bearing casing in the housing to com-
municate with each other such that oil from the high
stage-side compression section canflow through the
oil return section.

Amended claims under Art. 19.1 PCT

1. (Amended) A hermetic two-stage compressor
comprising:

a housing which includes an oil storage inside
the housing;

a rotary shaft which is disposed in the housing;
a motor which is disposed in the housing so as
to rotate the rotary shaft and includes a stator
which is provided on a radially outer side and a
rotor which is provided on a radially inner side;
a low stage-side compression section which is
disposed on one side in an axial direction of the
rotary shaft with respect to the motor in the hous-
ing and is connected to the rotary shaft so as to
compress a gas;

a bearing device which is disposed on the other
side in the axial direction with respect to the mo-
tor in the housing and includes a bearing which
supports the rotary shaft and a bearing casing
which supports the bearing to the housing; and
a high stage-side compression section which is
disposed on the other side in the axial direction
with respect to the bearing device and further
compresses the gas discharged from the low
stage-side compression section,

wherein the bearing casing includes

a suction channel which is provided to suck
the gas into the high stage-side compres-
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sion section and includes a suction opening
which is open to the one side in the axial
direction, and

a restricting surface which is disposed be-
tween the suction opening and the motor
and is provided toward the radially inner
side from an inner surface of the housing
so as to restrict a flow of the gas to the suc-
tion opening on the radially outer side, and

wherein the restricting surface includes a plural-
ity of notches which are cut out from an end por-
tion on the radially inner side toward the radially
inner side at a position corresponding to the suc-
tion opening and only a position on the radially
inner side of the suction opening is open toward
the motor.

2. The hermetic two-stage compressor according to
claim 1, further comprising:

aninflow restricting plate which is fixed to the bearing
casing, is formed in a plate shape, and includes the
restricting surface on the one side of the axial direc-
tion.

3. The hermetic two-stage compressor according to
claim 1 or 2,
wherein the restricting surface includes

aflatsurface whichis provided on an end portion
on the radially outer side which is an inner sur-
face side of the housing and is perpendicular to
the axis to be formed in an annular shape about
the axis, and

an inclined surface which is inclined toward the
one side in the axial direction from the flat sur-
face toward the radially inner side so as to be
formed in a truncated conical shape about the
axis.

4. A hermetic two-stage compressor according
to.any one of claims 1 to 3,

wherein an inner edge portion on the radially inner
side of the restricting surface is disposed at a position
on the radially inner side of the stator, and

wherein the restricting surface closes a portion of
the suction opening so as to secure anintake amount
of the gas required in the high stage-side compres-
sion section.

5. The hermetic two-stage compressor according to
any one of claims 1 to 4, further comprising:

a seal member which is provided in a gap between
an outer edge portion on the radially outer side of
the restricting surface and the inner surface of the
housing.

6. The hermetic two-stage compressor according to
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any one of claims 1 to 5, further comprising:

an oil return section which is provided at a position
of an end portion on the radially outer side in the
bearing casing, and causes the high stage-side com-
pression section and the one side in the axial direc-
tion from the bearing casing in the housing to com-
municate with each other such that oil from the high
stage-side compression section canflow through the
oil return section.

Statement under Art. 19.1 PCT

In Claim 1, "the restricting surface includes a plurality
of notches which are cut out from an end portion on the
radially inner side toward the radially inner side at a po-
sition corresponding to the suction opening and only a
position on the radially inner side of the suction opening
is open toward the motor" is added.

Abasis of this amendment is described in Paragraph
[0045] and Fig. 3 of the present specification.

According to this amendment, Claim 1 clarifies that
it is possible to achieve an effect that "a flow of a refrig-
erant to the suction opening on the radially outer side is
restricted by the restricting surface".
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