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REFRIGERATION CYCLE DEVICE

(57) A rotary compressor according to an embodi-
ment includes a case, a rotary shaft, a compression
mechanism, a balancer, and a balancer cover. A
through-hole is formed in the balancer cover at a position
of the balancer cover facing the rotary shaft in an axial
direction. The rotary shaft has a thrust sliding portion, a
protruding portion, and a supply channel. The thrust slid-
ing portion comes into contact with a seal located around
the through-hole of the balancer cover, in the axial direc-
tion of the rotary shaft. The protruding portion is located
on an inner peripheral side with respect to the thrust slid-
ing portion and protrudes downward from a lower end of
the through-hole through the through-hole. The supply
channel is open on a lower end surface of the protruding
portion to guide a lubricating oil.
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Description
[Technical Field]

[0001] Embodiments of the present invention relate to
arotary compressor, a method for manufacturing a rotary
compressor, and a refrigeration cycle apparatus.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2019-020870, filed on February 7,2019, the con-
tent of which is incorporated herein by reference.

[Background Art]

[0003] A rotary compressor is used in a refrigeration
cycle apparatus such as an air conditioner. In the rotary
compressor, a refrigerant is compressed in such a man-
ner that an eccentric portion of a rotary shaft is eccentri-
cally rotated by a compression mechanism.

[0004] In this type of the rotary compressor, the rotary
shaft has a supply channel for supplying a lubricating oil
stored inside a case to a sliding portion between the ro-
tary shaft and a bearing. However, when the refrigerant
compressed by the compression mechanism enters the
supply channel, there is a possibility that desired lubri-
cation performance may not be obtained.

[Citation List]
[Patent Document]
[Patent Document 1]

[0005] Japanese Unexamined Patent Application,
First Publication No. 2018-165502

[Summary of Invention]
[Technical Problem]

[0006] An object of the present invention is to provide
arotary compressor, a method for manufacturing a rotary
compressor, and a refrigeration cycle apparatus which
are capable of obtaining desired lubrication performance.

[Solution to Problem]

[0007] A rotary compressor according to an embodi-
ment includes a case, a rotary shaft, a compression
mechanism, a balancer, and a balancer cover. A lubri-
catingoilis stored inthe case. Therotary shaftis disposed
inside the case, and has an eccentric portion. The com-
pression mechanism has a cylinder, a main bearing, and
an auxiliary bearing. The cylinder accommodates the ec-
centric portion. The main bearing rotatably supports the
rotary shaft from above the cylinder. The auxiliary bearing
rotatably supports the rotary shaft from below the cylin-
der. Athrough-hole is formed at a position of the balancer
cover facing the rotary shaft in the axial direction. The
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rotary shaft has a thrust sliding portion, a protruding por-
tion, and a supply channel. The thrust sliding portion of
the rotary shaft comes into contact with a seal located
around the through-hole of the balancer cover, in the axial
direction. The protruding portion is located on an inner
peripheral side of the thrust sliding portion, and protrudes
downward from the through-hole through the through-
hole. The supply channel is open on a lower end surface
of the protruding portion to guide the lubricating oil.

[Brief Description of Drawings]
[0008]

Fig. 1 is a schematic configuration diagram of a re-
frigeration cycle apparatus including a sectional view
of a rotary compressor according to a first embodi-
ment.

Fig. 2 is a sectional view of a compression mecha-
nism corresponding to line 11-1l in Fig. 1.

Fig. 3 is an enlarged view of a main part in Fig. 1.
Fig. 4 is a partial sectional view of a rotary compres-
sor according to a second embodiment.

Fig. 5 is a process drawing for describing an assem-
bly process.

[Description of Embodiments]

[0009] Hereinafter, a rotary compressor according to
an embodiment, a method for manufacturing a rotary
compressor, and a refrigeration cycle apparatus will be
described with reference to the drawings.

<First Embodiment>

[0010] First, arefrigeration cycle apparatus 1 will briefly
be described. Fig. 1 is a schematic configuration diagram
of the refrigeration cycle apparatus 1 including a sectional
view of a rotary compressor 2 according to a first embod-
iment.

[0011] As shown in Fig. 1, the refrigeration cycle ap-
paratus 1 according to the present embodiment includes
the rotary compressor 2, a condenser 3 serving as a ra-
diator connected to the rotary compressor 2, an expan-
sion device 4 connected to the condenser 3, and an evap-
orator 5 serving as a heat absorber connected between
the expansion device 4 and the rotary compressor 2.
[0012] The rotary compressor 2 is a so-called rotary-
type compressor. The rotary compressor 2 compresses
an internally fetched low-pressure gas refrigerant and
obtains a high-temperature and high-pressure gas refrig-
erant. A specific configuration of the rotary compressor
2 will be described later.

[0013] The condenser 3 dissipates heat from the high-
temperature and high-pressure gas refrigerant fed from
the rotary compressor 2, and obtains a high-pressure
liquid refrigerant.

[0014] The expansion device 4 lowers a pressure of
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the high-pressure liquid refrigerant fed from the condens-
er 3 and obtains a low-temperature and low-pressure lig-
uid refrigerant.

[0015] The evaporator 5 vaporizes the low-tempera-
ture and low-pressure liquid refrigerant fed from the ex-
pansion device 4 and changes the low-temperature and
low-pressure liquid refrigerant into a low-pressure gas
refrigerant. In the evaporator 5, when the low-pressure
liquid refrigerant vaporizes, heat of vaporization is taken
from surroundings, and the surroundings are cooled. The
low-pressure gas refrigerant passing through the evap-
orator 5 is fetched into the above-described rotary com-
pressor 2.

[0016] In this way, in the refrigeration cycle apparatus
1 according to the present embodiment, the refrigerant
serving as a working fluid circulates while changing a
phase between the gas refrigerant and the liquid refrig-
erant. In the refrigeration cycle apparatus 1 according to
the present embodiment, as the refrigerant, it is possible
to use an HFC-based refrigerant such as R410A and
R32, an HFO-based refrigerant such as R1234yf and
R1234ze, or a natural refrigerant such as CO.,.

[0017] Next, the above-described rotary compressor 2
will be described.

[0018] The rotary compressor 2 according to the
presentembodimentincludes a compressor body 11 and
an accumulator 12.

[0019] The accumulator 12 is a so-called gas-liquid
separator. The accumulator 12 is provided between the
above-described evaporator 5 and the compressor body
11. The accumulator 12 is connected to the compressor
body 11 through a suction pipe 21. The accumulator 12
supplies only the gas refrigerant to the compressor body
11, out of the gas refrigerant vaporized by the evaporator
5 and the liquid refrigerant not vaporized by the evapo-
rator 5.

[0020] The compressor body 11 includes a rotary shaft
31, an electric motor unit 32, a compression mechanism
33, and a case 34 for accommodating the rotary shaft
31, the electric motor unit 32, and the compression mech-
anism 33. The compressor body 11 according to the
presentembodimentis disposed in a state where an axial
direction of the rotary shaft 31 is an upward-downward
direction.

[0021] The case 34 is formed in a cylindrical shape,
and both end portions in the axial direction are closed. A
lubricating oil J is accommodated inside the case 34. A
portion of the compression mechanism 33 is immersed
into the lubricating oil J.

[0022] The rotary shaft 31 is disposed coaxially with
an axis line O of the case 34. In the following description,
a direction extending along the axis line O will simply be
referred to as the axial direction, a direction orthogonal
to the axial direction will be referred to as a radial direc-
tion, and a direction turning around the axis line O will be
referred to as a circumferential direction.

[0023] The electric motor unit 32 is disposed on a first
side inside the case 34 in the axial direction. The com-
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pression mechanism 33 is disposed on a second side
inside the case 34 in the axial direction. In the following
description, the electric motor unit 32 side along the axial
direction will be referred to as an upper side, and the
compression mechanism 33 side will be referred to as a
lower side.

[0024] The electric motor unit 32 is a so-called inner
rotor type DC brushless motor. Specifically, the electric
motor unit 32 includes a stator 35 and a rotor 36.
[0025] The stator 35 is fixed to an inner wall surface of
the case 34 by means of shrink fitting.

[0026] The rotor 36 is fixed to an upper portion of the
rotary shaft 31in a state where aninterval is formedinside
the stator 35 in the radial direction.

[0027] A counter bore 37 is formed in an inner periph-
eral portion on alower surface of the rotor 36. The counter
bore 37 is an annular recess portion recessed upward
from the lower surface of the rotor 36, and formed over
an entire periphery of the rotor 36. A balancer 39 is pro-
vided in an outer peripheral portion on the lower surface
of the rotor 36. For example, the balancer 39 is formed
in an arc shape in a plan view when viewed in the axial
direction. The balancer 39 is provided in a portion in the
circumferential direction on the lower surface of the rotor
36.

[0028] The compression mechanism 33 includes a cyl-
inder 41 having a cylindrical shape through which the
rotary shaft 31 penetrates, and a main bearing 42 and
an auxiliary bearing 43 which individually close both end
opening portions of the cylinder 41 and rotatably support
the rotary shaft 31. A space formed by the cylinder 41,
the main bearing 42, and the auxiliary bearing 43 forms
a cylinder chamber 46.

[0029] An eccentric portion 51 eccentric in the radial
direction with respect to the axis line O is formed in a
portion located inside the cylinder chamber 46 in the
above-described rotary shaft 31. In the present embod-
iment, an eccentric direction of the eccentric portion 51
is set on a side opposite to the balancer 39 across the
axis line O.

[0030] Aroller 53 is externally inserted into the eccen-
tric portion 51. The roller 53 is configured to be eccentri-
cally rotatable with respect to the axis line O while an
outer peripheral surface is in sliding contact with an inner
peripheral surface of the cylinder 41 as the rotary shaft
31 is rotated.

[0031] Fig. 2 is a sectional view of the compression
mechanism 33 corresponding to line II-1l in Fig. 1.
[0032] As shown in Fig. 2, in the cylinder 41, a blade
groove 54 recessed outward in the radial direction is
formed in a portion in the circumferential direction. The
blade groove 54 is formed over in the axial direction (up-
ward-downward direction) of the cylinder 41. The blade
groove 54 communicates with the inside of the case 34
in an outer end portion in the radial direction.

[0033] A blade 55 is provided in the blade groove 54.
The blade 55 is configured to be slidable in the radial
direction with respect to the cylinder 41. The blade 55 is
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biased inward in the radial direction by a biasing member
(not shown). An inner end surface of the blade 55 in the
radial direction is in contact with an outer peripheral sur-
face of the roller 53 inside the cylinder chamber 46. In
this manner, the blade 55 moves forward and rearward
inside the cylinder chamber 46 as the roller 53 is eccen-
trically rotated.

[0034] The cylinder chamber 46 is divided into a suc-
tion chamber 46a and a compression chamber 46b by
the roller 53 and the blade 55. In the compression mech-
anism 33, a compression operation is performed inside
the cylinder chamber 46 by a rotation operation of the
roller 53 and a forward/rearward operation of the blade
55.

[0035] In the cylinder 41, a suction hole 56 that pene-
trates the cylinder 41 in the radial direction is formed in
a portion located on an inner side (left side of the blade
groove 54 in Fig. 2) of the blade groove 54 along a rotation
direction of the roller 53 (refer to an arrow in Fig. 2). The
above-described suction pipe 21 (refer to Fig. 1) is con-
nected to the suction hole 56 from an outer end portion
in the radial direction. On the other hand, an inner end
portion of the suction hole 56 in the radial direction is
open into the cylinder chamber 46 (suction chamber
46a).

[0036] The mainbearing42 closes an upper end open-
ing portion of the cylinder 41. The main bearing 42 rotat-
ably supports a portion located above the cylinder 41 in
the rotary shaft 31. Specifically, the main bearing 42 in-
cludes a cylinder portion 61 into which the rotary shaft
31isinserted, and a flange portion 62 protruding outward
in the radial direction from a lower end portion of the
cylinder portion 61.

[0037] An upper end portion of the cylinder portion 61
is accommodated inside the above-described counter
bore 37. In this manner, the rotary compressor 2 (com-
pressor body 11) is miniaturized in the axial direction.
[0038] A main bearing discharge hole 64 that pene-
trates the flange portion 62 in the axial direction is formed
in a portion of the flange portion 62 in the circumferential
direction. The main bearing discharge hole 64 commu-
nicates with the inside of the cylinder chamber 46 (com-
pression chamber 46b). A discharge valve mechanism
67 is disposed in the flange portion 62. The discharge
valve mechanism 67 opens the main bearing discharge
hole 64 as the pressure inside the cylinder chamber 46
(compression chamber 46b) increases, and discharges
the refrigerant outward of the cylinder chamber 46.
[0039] The main bearing 42 is provided with a muffler
65 that covers the main bearing 42 from above. A com-
munication hole 66 that causes the inside and the outside
of the muffler 65 to communicate with each other is
formed in a central portion of the muffler 65 in the radial
direction. The high-temperature and high-pressure gas
refrigerant discharged through the above-described dis-
charge hole 64 is discharged into the case 34 through
the communication hole 66.

[0040] The auxiliary bearing 43 closes a lower end
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opening portion of the cylinder 41. The auxiliary bearing
43 rotatably supports a portion located below the cylinder
41 inthe rotary shaft 31. Specifically, the auxiliary bearing
43 includes a cylinder portion 71 into which the rotary
shaft 31 is inserted, and a flange portion 72 protruding
outward in the radial direction from the upper end portion
of the cylinder portion 71.

[0041] An auxiliary bearing discharge hole 73 that pen-
etrates the flange portion 72 in the axial direction is
formed in a portion of the flange portion 72 in the circum-
ferential direction. The auxiliary bearing discharge hole
73 communicates with the inside of the cylinder chamber
46 (compression chamber 46b). A discharge valve mech-
anism 75 is provided in the flange portion 72. The dis-
charge valve mechanism 75 opens the auxiliary bearing
discharge hole 73 as the pressure inside the cylinder
chamber 46 (compression chamber 46b) increases and
discharges the refrigerant outward of the cylinder cham-
ber 46.

[0042] The auxiliary bearing 43 is provided with a bal-
ancer cover 81 that covers the auxiliary bearing 43 from
below. The balancer cover 81 is formed in a bottomed
cylindrical shape thatis open upward. A seal 82 is formed
in a central portion in the radial direction in a bottom por-
tion of the balancer cover 81. The seal 82 is formed to
bulge upward with respect to an outer peripheral portion
in the bottom portion of the balancer cover 81. However,
the seal 82 may not bulge from the bottom portion of the
balancer cover 81. An upper surface of the seal 82 is
formed to have a flat surface orthogonal to the axis line
O. A through-hole 84 that penetrates the seal 82 in the
axial direction is formed in a central portion (portion lo-
cated on the axis line O) of the seal 82.

[0043] The main bearing 42, the cylinder 41, and the
auxiliary bearing 43 have a communication hole 85 for
causing the inside of the inside of the muffler 65 and the
inside of the balancer cover 81 to communicate with each
other. The communication hole 85 penetrates the main
bearing 42, the cylinder 41, and the auxiliary bearing 43
in the axial direction at a position where the communica-
tion hole 85 faces the above-described discharge holes
64 and 73 across the axis line O in the radial direction.
[0044] Fig.3isanenlargedview ofamainpartinFig. 1.
[0045] AsshowninFig. 3, the rotary shaft 31 according
to the present embodiment has a thrust sliding portion
90 and a protruding portion 87 located on an inner pe-
ripheral side of the thrust sliding portion 90 and protruding
downward.

[0046] The rotary shaft 31 further has the above-de-
scribed eccentric portion 51, a main shaft portion 88, and
an auxiliary shaft portion 89.

[0047] The main shaft portion 88 is a portion located
above the eccentric portion 51 in the above-described
rotary shaft 31. The main shaft portion 88 is connected
to an upper side of the eccentric portion 51 via a con-
necting portion 51a. The main shaft portion 88 is sup-
ported by the main bearing 42, and the rotor 36 is fixed
to the main shaft portion 88.
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[0048] On the other hand, the auxiliary shaft portion 89
is a portion located below the eccentric portion 51 in the
rotary shaft31. The auxiliary shaft portion 89 is connected
to alower side of the eccentric portion 51 viaa connecting
portion 51b. The auxiliary shaft portion 89 is supported
by the auxiliary bearing 43. In the present embodiment,
an outer diameter ¢Ds of the auxiliary shaft portion 89 is
smaller than an outer diameter ¢Dm of the main shaft
portion 88. However, in the auxiliary shaft portion 89, at
least a portion protruding downward from the auxiliary
bearing 43 may have a diameter smaller than that of the
main shaft portion 88. That is, a portion located inside
the auxiliary bearing 43 in the auxiliary shaft portion 89
may have an outer diameter the same as that of the main
shaft portion 88.

[0049] The seal 82 of the balancer cover 81 receives
an axial load acting on the rotary shaft 31 and supports
the thrust sliding portion 90 of the rotary shaft 31 to be
slidable. The thrust sliding portion 90 and the seal 82
come into contact with each other in the axial direction,
thereby blocking communication between the inside and
the outside of the balancer cover 81 through the through-
hole 84. The thrust sliding portion 90 according to the
present embodiment is a lower end surface of the auxil-
iary shaft portion 89. The thrust sliding portion 90 is a flat
surface orthogonal to the axial direction. It is preferable
that the thrust sliding portion 90 is pressed against the
seal 82 by the weight of the rotary shaft 31 and the rotor
36, or a magnetic force generated between the stator 35
and the rotor 36. In the present embodiment, the base
shaft portion is configured to include the eccentric portion
51, the main bearing 88, and the auxiliary bearing 89.
[0050] Abalancer91isattached to a portion protruding
downward from the auxiliary bearing 43 in the auxiliary
shaft portion 89. For example, the balancer 91 is formed
in a disk shape. An attachment hole 92 that penetrates
the balancer 91 in the axial direction is formed at a posi-
tion eccentric with respect to the center of the balancer
91. The auxiliary shaft portion 89 of the rotary shaft 31
is fixed inside the attachment hole 92 by means of press-
fitting. In this case, the center of the balancer 91 is ec-
centric with respect to the axis line O in a direction op-
posite to an eccentric direction of the eccentric portion
51 (direction the same as that of the balancer 39). That
is, the balancer 91 and the eccentric portion 51 are dis-
posed with a phase difference of 180° in the circumfer-
ential direction. The shape of the balancer 91 is not lim-
ited to the disc shape.

[0051] In this way, in the present embodiment, the bal-
ancer 91 is provided in the auxiliary shaft portion 89. Ac-
cordingly, for example, compared to a case where the
balancer is provided on an upper surface of the rotor 36,
a distance between the balancer 91 and the bearing (in
the present embodiment, the auxiliary bearing 43) can
be shortened. In this manner, it is possible to suppress
bending of the rotor 36.

[0052] Here, in the compressor body 11, a centrifugal
force is generated in the eccentric portion 51 and the
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respective balancers 39 and 91 as the rotary shaft 31 is
rotated. In this case, in order to stabilize rotational bal-
ance of the rotary shaft 31, it is preferable to satisfy two
Equations ((1) and (2)) below.

[0053] Specifically, a centrifugal force acting on the ec-
centric portion 51 is defined as FO, a centrifugal force
acting on the balancer 91 is defined as F1, and a centrif-
ugal force acting on the balancer 39 is defined as F2. In
this case, it is preferable that a resultant force of the re-
spective centrifugal forces FO, F1, and F2 becomes 0
(refer to Equation (1) below). The respective centrifugal
forces FO, F1, and F2 can be calculated by mro? (m:
mass, r: distance in the radial direction from the axis line
O, and w: angular velocity).

FO-F1-F2=0 ... (1)

[0054] The center of action of the centrifugal force FO
is defined as a reference point, a distance in the axial
direction from the reference point to the center of action
of the centrifugal force F1 is defined as L1, and a distance
in the axial direction from the reference pointto the center
of action of the centrifugal force F2 is defined as L2. In
this case, it is preferable that a sum of moments acting
on the rotary shaft 31 due to the centrifugal forces F1
and F2 becomes 0 (refer to Equation (2) below).

FILL1-F2.1.2=0 ... (2)

[0055] In the present embodiment, it is preferable that
the distance L1 in the axial direction from the reference
point to the center of action of the centrifugal force F1 is
equal to or longer than the distance L2 in the axial direc-
tion from the reference point to the center of action of the
centrifugal force F2 (L1>L2). In this manner, the balancer
91 can be miniaturized, and the amount of eccentricity
can be reduced. As a result, the protruding amount of
the balancer 91 in the radial direction with respect to the
axis line O can be particularly suppressed, and the com-
pressor body 11 in the radial direction can be miniatur-
ized.

[0056] The protruding portion 87 protrudes downward
from an inner peripheral portion of the thrust sliding por-
tion 90. The protruding portion 87 protrudes downward
from a lower end opening edge of the through-hole 84
through the through-hole 84. Specifically, the protruding
portion 87 according to the present embodiment pro-
trudes downward from a lowest point (lower surface of
the seal 82) of the balancer cover 81. The rotary shaft
31 can be displaced (backlash in the upward-downward
direction) by a predetermined distance in the axial direc-
tion with respect to the compression mechanism 33, due
to a difference between the height of the cylinder cham-
ber 46 and the length in the axial direction of the con-
necting portions 51aand 51b provided upward and down-
ward of the eccentric portion 51 and the eccentric portion
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51. Therefore, in the present embodiment, the protruding
amount from the lower end opening edge of the through-
hole 84 of the protruding portion 87 is larger than the
predetermined distance which is a displacement amount
of the rotary shaft 31. That is, even when the rotary shaft
31 is displaced in the upward-downward direction by the
amount of backlash, the protruding amount of the pro-
truding portion 87 is set so that the protruding portion 87
always protrudes downward from the lower end opening
edge of the through-hole 84 of the balancer cover 81.
[0057] The rotary shaft 31 has a supply channel 94 for
supplying the lubricating oil J to each sliding portion in
the compression mechanism 33 (for example, a portion
between the eccentric portion 51 and the roller 53, and
a portion between the rotary shaft 31 and the bearings
42 and 43). The supply channel 94 has a main flow path
95 extending coaxially with the axis line O, and sub-flow
paths 96 and 97 extending in the radial direction from the
main flow path 95.

[0058] A lower end portion of the main flow path 95 is
open on a lower end surface of the rotary shaft 31 (pro-
truding portion 87). In this manner, the lubricating oil J
inside the case 34 can flow into the main flow path 95.
[0059] An upper end portion of the main flow path 95
is terminated in a lower end portion of the main shaft
portion 88. However, the length in the axial direction of
the main flow path 95 can appropriately be changed as
long as the length reaches at least the cylinder 41. For
example, the main flow path 95 may penetrate the rotary
shaft 31 in the axial direction. A twist plate that promotes
the lubricating oil J to rise as the rotary shaft 31 is rotated
may be provided on an inner peripheral surface of the
main flow path 95.

[0060] The first sub-flow path 96 is formed in a con-
necting portion (connecting portion 51a) between the
main shaft portion 88 and the eccentric portion 51 in the
rotary shaft 31. Aninner end portion in the radial direction
of the first sub-flow path 96 communicates with the inside
of the above-described main flow path 95. On the other
hand, an outer end portion in the radial direction of the
first sub-flow path 96 is open outward in the radial direc-
tion on an outer peripheral surface of the rotary shaft 31.
[0061] The second sub-flow path 97 is formed in a por-
tion located inside the auxiliary bearing 43 in the auxiliary
shaft portion 89. An inner end portion in the radial direc-
tion of the second sub-flow path 97 communicates with
the inside of the above-described main flow path 95. On
the other hand, an outer end portion in the radial direction
of the second sub-flow path 97 is open outward in the
radial direction on the outer peripheral surface of the ro-
tary shaft 31.

[0062] A lower circulation path 99 is formed on the out-
er peripheral surface of the rotary shaft 31 (auxiliary shaft
portion 89). The lower circulation path 99 is formed by a
spiral groove formed on the outer peripheral surface of
the rotary shaft 31. A lower end portion of the lower cir-
culation path 99 communicates with the inside of the sec-
ond sub-flow path 97. On the other hand, an upper end
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portion of the lower circulation path 99 is located in the
upper end portion of the auxiliary shaft portion 89. The
lower circulation path 99 guides the lubricating oil J up-
ward from below when the rotary shaft 31 is rotated. The
lower circulation path 99 may be configured so that the
lubricating oil J can be supplied between the outer pe-
ripheral surface of the auxiliary shaft portion 89 and the
inner peripheral surface of the auxiliary bearing 43 (cyl-
inder portion 71). In this case, for example, a groove may
be formed on the inner peripheral surface of the cylinder
portion 71. A shape or a layout of the lower circulation
path 99 can appropriately be changed.

[0063] Inthemainbearing42, anupper circulation path
(not shown) is formed on the inner peripheral surface of
the cylinder portion 61. The upper circulation path is
formed in a spiral groove. The lower end portion of the
upper circulation path communicates with the inside of
the first sub-flow path 96. On the other hand, the upper
end portion of the upper circulation path communicates
with the inside of the case 34. The upper circulation path
guides the lubricating oil J upward from below when the
rotary shaft 31 is rotated. The upper circulation path may
be formed on the outer peripheral surface of the main
shaft portion 88.

[0064] Next, an operation of the above-described ro-
tary compressor 2 will be described.

[0065] As showninFig. 1, when electric power is sup-
plied to the stator 35 of the electric motor unit 32, the
rotary shaft 31 is rotated around the axis line O together
with the rotor 36. As the rotary shaft 31 is rotated, the
eccentric portion 51 and the roller 53 are eccentrically
rotated inside the cylinder chamber 46. In this case, each
of the rollers 53 comes into sliding contact with the inner
peripheral surface of the cylinder 41. In this manner, the
gas refrigerant is fetched into the cylinder chamber 46
through the suction pipe 21, and the gas refrigerant
fetched into the cylinder chamber 46 is compressed.
[0066] Specifically, in the cylinder chamber 46, the gas
refrigerant is suctioned into the suction chamber 46a
through the suction hole 56, and the gas refrigerant pre-
viously suctioned from the suction hole 56 is compressed
in the compression chamber 46b. In the compressed gas
refrigerant, the gas refrigerant discharged into the muffler
65 through the main bearing discharge hole 64 is dis-
charged into the case 34 through the communication hole
66 of the muffler 65. On the otherhand, inthe compressed
gas refrigerant, the gas refrigerant discharged into the
balancer cover 81 through the auxiliary bearing dis-
charge hole 73 flows into the muffler 65 through the com-
munication hole 85, and thereafter, is discharged into the
case 34 through the communication hole 66 of the muffler
65. The gas refrigerant discharged into the case 34 is
fed to the condenser 3 as described above.

[0067] Incidentally, a pressure equivalent to a dis-
charge pressure of the gas refrigerant acts on the lubri-
cating oil J inside the case 34. Therefore, the lubricating
oil J flows into the main flow path 95, and rises inside the
main flow path 95 as the rotary shaft 31 is rotated. The
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lubricating oil J rising inside the main flow path 95 is dis-
tributed to each of the sub-flow paths 96 and 97 by the
centrifugal force generated by the rotation of the rotary
shaft 31.

[0068] The lubricating oil J distributed to each of the
sub-flow paths 96 and 97 is discharged on the outer pe-
ripheral surface of the rotary shaft 31 and is supplied to
each sliding portion. For example, the lubricating oil J
discharged from the first sub-flow path 96 rises inside
the upper circulation path as the rotary shaft 31 is rotated
and is supplied to a portion between the main shaft por-
tion 88 and the main bearing 42. On the other hand, the
lubricating oil J discharged from the second sub-flow path
97 rises inside the lower circulation path 99 as the rotary
shaft 31 is rotated and is supplied to a portion between
the auxiliary shaft portion 89 and the auxiliary bearing 43
and a portion between the eccentric portion 51 and the
roller 53. The lubricating oil J supplied to each sliding
portion is discharged from the compression mechanism
33 through a portion between the main shaft portion 88
and the main bearing 42 and through the cylinder cham-
ber 46.

[0069] Here, the present embodiment adopts a config-
uration as follows. The thrust sliding portion 90 of the
rotary shaft 31 and the seal 82 of the balancer cover 81
are brought into contact with each other to seal a portion
in the axial direction between the rotary shaft 31 and the
balancer cover 81.

[0070] According to this configuration, the portion in
the axial direction between the rotary shaft 31 and the
balancer cover 81 is sealed by the seal 82. Accordingly,
it is possible to suppress a possibility that the lubricating
oil J accommodated inside the case 34 may enter the
inside of the balancer cover 81. The possibility that the
lubricating oil J may enter the inside of the balancer cover
81 is suppressed. Accordingly, even when the balancer
91 is provided in the auxiliary shaft portion 89, it is pos-
sible to suppress a possibility that the eccentric rotation
of the balancer 91 may be hindered by the lubricating oil
J when the rotary shaft 31 is rotated. In this manner,
rotational resistance acting on the balancer 91 can be
reduced when the rotary shaft 31 is rotated. As a result,
the rotary shaft 31 can efficiently be rotated, and com-
pression performance can be improved.

[0071] Incidentally, in the rotary compressor 2, when
the rotary shaft 31 is displaced upward due to vibration
caused by the eccentric rotation, the thrust sliding portion
90 and the seal 82 may be separated from each other in
some cases. In this case, there is a possibility that the
gas refrigerant discharged into the balancer cover 81
through the auxiliary bearing discharge hole 73 may leak
outward of the balancer cover 81 through the through-
hole 84.

[0072] Therefore, the present embodiment adopts a
configuration as follows. The protruding portion 87 pro-
trudes downward from the lower end opening edge of
the through-hole 84 of the balancer cover 81 more than
the predetermined distance which is the displacement
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amount of the rotary shaft 31. According to this configu-
ration, when the gas refrigerant discharged into the bal-
ancer cover 81 leaks outward of the balancer cover 81
through the through-hole 84, it is possible to suppress a
possibility that the gas refrigerant may flow into the main
flow path 95 after turning around the protruding portion
87. In this manner, it is possible to suppress a possibility
that the gas refrigerant may flow into the supply channel
94 and the lubricating oil J may not spread to the sliding
portion. That is, in the rotary compressor 2 according to
the present embodiment, the lubricating oil J can effec-
tively be supplied to the sliding portion, and the desired
lubrication performance can be obtained.

[0073] The refrigeration cycle apparatus 1 according
to the presentembodimentincludes the above-described
rotary compressor 2. Accordingly, itis possible to provide
the refrigeration cycle apparatus 1 capable of improving
operation reliability and compression performance over
a long period of time.

<Second Embodiment>

[0074] Fig. 4 is a partial sectional view of a rotary com-
pressor 200 according to a second embodiment. In the
following description, the same reference numerals will
be assigned to configurations the same as those of the
above-described embodiment, and description thereof
will be omitted.

[0075] The rotary compressor 200 according to the
present embodiment is different from the above-de-
scribed firstembodimentin that a plurality of (for example,
three) cylinders (upper cylinder 201, intermediate cylin-
der 202, and lower cylinder 203) are aligned in the axial
direction.

[0076] In the rotary compressor 200 shown in Fig. 4,
the upper cylinder 201 and the intermediate cylinder 202
abut each other in the axial direction while an upper par-
titioning portion 210 is interposed therebetween. The in-
termediate cylinder 202 and the lower cylinder 203 abut
each other in the axial direction while a lower partitioning
portion 211 is interposed therebetween. A configuration
of each of the cylinders 201 to 203 is the same as that
of the above-described embodiment. The upper cylinder
201, the lower cylinder 203, the main bearing 42, the
auxiliary bearing 43, and the partitioning portions 210
and 211 form a compression mechanism 212 according
to the present embodiment.

[0077] An upper end opening portion of the upper cyl-
inder 201 is closed by the main bearing 42. A space de-
fined by the upper cylinder 201, the main bearing 42, and
the upper partitioning portion 210 forms an upper cylinder
chamber 221.

[0078] A space defined by the intermediate cylinder
202 and the partitioning portions 210 and 211 forms an
intermediate cylinder chamber 222.

[0079] A lower end opening portion of the lower cylin-
der 203 is closed by the auxiliary bearing 43. A space
defined by the lower cylinder 203, the auxiliary bearing
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43, and the lower partitioning portion 211 forms a lower
cylinder chamber 223.

[0080] The rotary shaft 225 includes a base shaft por-
tion 226 provided with the thrust sliding portion 90, and
a supplementary shaft portion 228 fixed to the base shaft
portion 226 and forming a protruding portion 227.
[0081] The base shaft portion 226 includes a plurality
of eccentric portions 231 to 233 accommodated in the
respective cylinder chambers 221 to 223. Specifically,
the upper eccentric portion 231 is formed in a portion
located inside the upper cylinder chamber 221 in the base
shaft portion 226. The intermediate eccentric portion 232
is formed in a portion located inside the intermediate cyl-
inder chamber 222 in the base shaft portion 226. The
lower eccentric portion 233 is formed in a portion located
inside the lower cylinder chamber 223 in the base shaft
portion 226. Each of the eccentric portions 231 to 233
has the same outer shape and the same size when
viewed in the axial direction. Each of the eccentric por-
tions 231 to 233 is eccentric with respect to the axis line
O by the same amount in the radial direction while having
aphase difference of 120° in the circumferential direction.
That is, eccentric directions of the respective eccentric
portions 231 to 233 are set to be equal to each other in
the circumferential direction. A roller 53 is fitted to each
of the eccentric portions 231 to 233. The lower end sur-
face of the base shaft portion 226 serves as the thrust
sliding portion 90.

[0082] A base flow path 235is formed in the base shaft
portion 226. The base flow path 235 extends coaxially
with the axis line O. A lower end portion of the base flow
path 235 is open on a lower end surface (thrust sliding
portion 90) of the base shaft portion 226. The base flow
path 235 communicates with each of the sub-flow paths
96 and 97. In the base shaft portion 226, the sub-flow
path may be provided at a position corresponding to each
of the partitioning portions 210 and 211.

[0083] The protruding portion 227 including the sup-
plementary shaft portion 228 is formed in a cylindrical
shape extending coaxially with the axis line O. That is,
the inside of the protruding portion 227 forms a protruding
portion flow path 236 that penetrates the protruding por-
tion 227 in the axial direction. An upper end portion of
the protruding portion 227 is fixed inside the base flow
path 235 by means of press-fitting. That s, the protruding
portion 227 is fixed to the base shaft portion 226 in a
state where the protruding portion 227 protrudes down-
ward from the thrust sliding portion 90, and the base flow
path 235 and the protruding portion flow path 236 com-
municate with each other. The base flow path 235 and
the protruding portion flow path 236 form a main flow
path 237 according to the presentembodiment. A method
of fixing the base shaft portion 226 of the protruding por-
tion 227 may be any desired method other than the press-
fitting.

[0084] A balancer cover 240 according to the present
embodiment includes a cover body 241 that covers the
auxiliary bearing 43 from below, and a thrust plate 242
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attached to the cover body 241. Even in the present em-
bodiment, the inside of the balancer cover 240 commu-
nicates with the inside of the muffler 65 through a com-
munication hole (not shown).

[0085] The cover body 241 is formed in a bottomed
cylindrical shape. An upper end portion of the cover body
241 is attached to the flange portion 72 of the auxiliary
bearing 43. An accommodation hole 243 is formed in a
bottom portion of the cover body 241. The accommoda-
tion hole 243 penetrates the bottom portion of the cover
body 241 in the axial direction. A lower end portion of the
base shaft portion 226 is accommodated inside the ac-
commodation hole 243. In the illustrated example, it is
preferable that the thrustsliding portion 90 and the bottom
portion (lower surface) of the cover body 241 are dis-
posed flush with each other.

[0086] The thrust plate 242 is formed in a disk shape
having a diameter larger than that of the above-described
accommodation hole 243. The thrust plate 242 closes
the accommodation hole 243 from below in a state where
an outer peripheral portion is fixed to the bottom portion
of the cover body 241 by a screw 244. In the thrust plate
242, a through-hole 245 is formed in a portion that over-
laps the main flow path 237 of the rotary shaft 225 when
viewed in the axial direction. The inner diameter of the
through-hole 245 is smaller than the inner diameter of
the accommodation hole 243 and is larger than the outer
diameter of the protruding portion 227. The above-de-
scribed protruding portion 227 penetrates into the
through-hole 245. In this manner, a lower end opening
portion of the main flow path 95 communicates with the
inside of the case 34 below the balancer cover 81 (lower
surface of the thrust plate 242).

[0087] The above-described thrust sliding portion 90
is in contact with a portion (seal 242a) located around
the through-hole 245 in the axial direction, on the upper
surface of the thrust plate 242. In this manner, commu-
nication between the inside of the balancer cover 81 and
the inside of the case 34 is blocked.

[0088] In the present embodiment, a gap S1 in the ra-
dial direction between the inner peripheral surface of the
accommodation hole 243 and the outer peripheral sur-
face of the base shaft portion 226 is larger than a gap S2
in the radial direction between the inner peripheral sur-
face of the through-hole 245 and the outer peripheral
surface of the protruding portion 227. The gaps S1 and
S2 do may not be uniform in the entire circumferential
direction due to dimensional variations. The gap S1 may
be equal to or smaller than the gap S2.

[0089] Next, a method for manufacturing the rotary
compressor 200 according to the present embodiment
will be described. In the following description, an assem-
bly process of assembling the thrust plate 242 to the cov-
er body 241 in a state where the rotary shaft 225 and the
cover body 241 are assembled will be described.
[0090] Fig. 5 is a process drawing for describing the
assembly process.

[0091] Asshownin Fig. 5, the assembly process of the
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thrust plate 242 according to the present embodiment
includes a positioning process and a fixing process.
[0092] In the positioning process, a jig 250 is used to
position the thrust plate 242 with respect to the protruding
portion 227. Specifically, the jig 250 is formed in a cylin-
drical shape disposed coaxially with the axis line O. The
jig 250 has an operation portion 251 located in a lower
portion and a plate holding portion 252 located in an up-
per portion.

[0093] The outer diameter of the operation portion 251
is larger than the inner diameter of the through-hole 245.
[0094] The plate holding portion 252 is connected to
an upper side of the operation portion 251. The plate
holding portion 252 is formed in a tapered shape whose
outer diameter gradually decreases upward. A minimum
outer diameter of the plate holding portion 252 is smaller
than the inner diameter of the through-hole 245.

[0095] The inside of the jig 250 forms an insertion hole
253 into which the protruding portion 227 can be inserted.
The jig 250 is not limited to a cylindrical shape as long
as a configuration has a plate holding portion for holding
the inner peripheral surface of the through-hole 245 and
an accommodation portion capable of accommodating
the protruding portion 227.

[0096] Inthe positioning process, the plate holding por-
tion 252 is inserted into the through-hole 245 of the thrust
plate 242. Then, alower end opening edge of the through-
hole 245 is held by the outer peripheral surface of the
plate holding portion 252. It is preferable that the plate
holding portion 252 holds the thrust plate 242 in a state
where the plate holding portion 252 does not protrude
upward from the through-hole 245.

[0097] Subsequently, the jig 250 is disposed coaxially
with the axis line O below the rotary shaft 225 (cover
body 241), and the thrust plate 242 and the jig 250 are
raised. Then, the thrust plate 242 moves close to the
cover body 241 while the protruding portion 227 is insert-
ed into the insertion hole 253 of the jig 250. The thrust
plate 242 is raised until the thrust plate 242 abuts the
lower surface of the cover body 241. In this manner, the
size of the gap between the through-hole 245 of the thrust
plate 242 and the outer peripheral surface of the protrud-
ing portion 227 becomes substantially uniform in the cir-
cumferential direction, and the thrust plate 242 is posi-
tioned in the radial direction with respect to the protruding
portion 227. The thrust plate 242 may be rotated in the
circumferential direction with respect to the cover body
241 to align a fixing portion between the thrust plate 242
and the cover body 241.

[0098] Next, in the fixing process, the thrust plate 242
is fixed to the cover body 241 by a screw 244 (refer to
Fig. 4). Thereafter, the jig 250 is retreated to complete
the assembly process of the thrust plate 242.

[0099] In the present embodiment, in addition to
achieving operational effects the same as those of the
above-described first embodiment, the following opera-
tional effects are achieved.

[0100] That is, in the present embodiment, the base
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shaft portion 226 and the protruding portion 227 (supple-
mentary shaft portion 228) are separately formed. In this
manner, the rotary shaft does not need to be processed
into a stepped shape as in a case where the base shaft
portion and the protruding portion are integrally formed.
Therefore, the accurate thrust sliding portion 90 can eas-
ily be manufactured, and it is possible to provide the low
cost rotary compressor 200 having excellent manufac-
turing efficiency. Since the base shaft portion 226 and
the protruding portion 227 are separately formed, an op-
timum material can be selected for each component.
Therefore, design can more freely be selected.

[0101] Since the base shaft portion 226 and the pro-
truding portion 227 are separate from each other, a shaft
length of each component can be shortened, and each
component can accurately and easily be formed.
[0102] The present embodiment adopts a configura-
tion as follows. The gap S1in the radial direction between
the inner peripheral surface of the accommodation hole
243 and the outer peripheral surface of the base shaft
portion 226 is larger than the gap S2 in the radial direction
between the inner peripheral surface of the through-hole
245 and the outer peripheral surface of the protruding
portion 227. According to this configuration, since the
gap S1 is enlarged, the lubricating oil J existing inside
the balancer cover 240 can easily be accommodated in-
side the gap S1.

[0103] In this manner, the lubricating oil J is likely to
be interposed between the outer peripheral surface of
the base shaft portion 226 and the inner peripheral sur-
face of the accommodation hole 243, and between the
thrust sliding portion 90 and the seal 242a. Therefore, it
is possible to improve lubrication performance.

[0104] Onthe otherhand, since the gap S2is reduced,
a contact area (seal area) is likely to increase between
the thrust sliding portion 90 and the seal 242a. In this
manner, sealing performance can be improved, and a
surface pressure acting between the thrust sliding portion
90 and the seal 242a can be reduced.

[0105] Therefore, it is possible to provide the power-
saving and high-quality rotary compressor 200 excellent
in operation reliability over a long period of time. When
the position of the rotary shaft 225 is displaced upward,
itis possible to suppress a leakage amount when the gas
refrigerant discharged into the balancer cover 240 leaks
outward of the balancer cover 240 through the through-
hole 245.

[0106] The present embodiment adopts a configura-
tion as follows. The jig 250 having the plate holding por-
tion 252 for holding the inner peripheral surface of the
through-hole 245 and the insertion hole 253 into which
the protruding portion 227 is inserted is used so that the
thrust plate 242 is positioned with respect to the protrud-
ing portion 227.

[0107] According to this configuration, it is possible to
suppress contact between the protruding portion 227 and
the thrust plate 242. Therefore, it is possible to suppress
friction during the operation.
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[0108] The gap S1 is enlarged as described above. In
this manner, it is easy to avoid contact between the base
shaft portion 226 having a large turning radius in the ro-
tary shaft 225 and the cover body 241. In this manner, it
is also possible to suppress the friction during the oper-
ation.

[0109] As aresult, it is possible to provide the power-
saving and high-quality rotary compressor 200 excellent
in operation reliability over a long period of time.

[0110] Inthe second embodiment, a configuration hav-
ing three cylinders has been described. However, a con-
figuration having a plurality of cylinders other than three
may be adopted.

[0111] In the second embodiment, a configuration in
which each of the rotary shaft 225 and the balancer cover
240 is separately formed has been described. However,
any one of the rotary shaft 225 and the balancer cover
240 may separately be formed.

[0112] In the second embodiment, a configuration in
which the thrust plate 242 is assembled in a state where
the rotary shaft 225 and the cover body 241 are assem-
bled has been described. However, the presentinvention
is not limited only to this configuration. For example, the
cover body 241 may be assembled to the auxiliary bear-
ing 43 in a state where the cover body 241 and the thrust
plate 242 are assembled in advance.

[0113] In the above-described embodiment, a config-
uration in which the roller 53 and the blade 55 are sep-
arate from each other has been described. However, the
present invention is not limited only to this configuration.
For example, a type in which the blade and the roller are
integrated with each other may be adopted.

[0114] According to at least one of the above-de-
scribed embodiments, desired lubrication performance
can be obtained.

[0115] Some embodiments of the present invention
have been described. However, the embodiments have
been described as examples, and do not intend to limit
the scope of the invention. The embodiments can be im-
plemented in various other forms, and various omissions,
substitutions, and modifications can be made within the
scope not departing from the concept of the invention.
The embodiments or modifications thereof are included
in the scope and the concept of the invention, and are
also included in the scope of the invention described in
the appended claims and an equivalent scope thereof.

[Reference Signs List]

[0116]

1 Refrigeration cycle apparatus
2: Rotary compressor

3: Condenser

4: Expansion device

5: Evaporator

33: Compression mechanism

31: Rotary shaft
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33:
34:
41:
42:
43:
51:
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87:
90:
91:
94:
200:
201:
202:
203:
225:
226:
227:
228:
230:
231:
232:

233:
240:
241:
242:
242a:
243:
245:
250:
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Compression mechanism
Case

Cylinder

Main bearing

Auxiliary bearing

Eccentric portion

Balancer cover

Seal

Through-hole

Protruding portion

Thrust sliding portion

Balancer

Supply channel

Rotary compressor

Upper cylinder (Cylinder)
Intermediate cylinder (Cylinder)
Lower cylinder (Cylinder)
Rotary shaft

Base shaft portion

Protruding portion
Supplementary shaft portion
Balancer cover

Upper eccentric portion (Eccentric portion)
Intermediate eccentric portion (Eccentric por-
tion)

Lower eccentric portion (Eccentric portion)
Balancer cover

Cover body

Thrust plate

Seal

Accommodation hole
Through-hole

Jig

1. A rotary compressor comprising:

a case configured to store a lubricating oil;

a rotary shaft disposed inside the case, and hav-
ing an eccentric portion;

a compression mechanism having

a cylinder accommodating the eccentric portion,
a main bearing configured to rotatably support
the rotary shaft from above the cylinder, and
an auxiliary bearing configured to rotatably sup-
port the rotary shaft from below the cylinder;

a balancer attached to the rotary shaft at a po-
sition below the auxiliary bearing; and

a balancer cover configured to cover the balanc-
er from below,

wherein a through-hole is formed at a position
of the balancer cover facing the rotary shaft in
an axial direction, and

the rotary shaft includes

a thrust sliding portion configured to come into
contact with a seal located around the through-
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hole of the balancer cover, in the axial direction,
a protruding portion located on an inner periph-
eral side of the thrust sliding portion, and pro-
truding downward from a lower end of the
through-hole through the through-hole, and

a supply channel open on a lower end surface
of the protruding portion to guide the lubricating
oil.

2. The rotary compressor according to Claim 1,

wherein the rotary shaft is displaceable by a pre-
determined distance in the axial direction with
respect to the compression mechanism, and
the protruding portion protrudes from the lower
end of the through-hole to be longer than the
predetermined distance.

3. The rotary compressor according to Claim 1 or 2,
wherein the rotary shaft includes a base shaft portion
provided with the thrust sliding portion, and a sup-
plementary shaft portion fixed to the base shaft por-
tion and forming the protruding portion.

4. The rotary compressor according to any one of
Claims 1 to 3,

wherein the rotary shaft has a base shaft portion
provided with the thrust sliding portion,
the balancer cover includes

a cover body attached to the auxiliary bear-
ing, and having an accommodation hole for
accommodating the base shaft portion, and
a thrust plate having the through-hole, and
with which the thrust sliding portion comes
into contact, and

a gap in a radial direction of the rotary shaft be-
tween an outer peripheral surface of the base
shaft portion and an inner peripheral surface of
the accommodation hole is wider than a gap in
the radial direction between an outer peripheral
surface of the protruding portion and an inner
peripheral surface of the through-hole.

5. A method for manufacturing the rotary compressor
according to Claim 4, comprising:

an assembly process of assembling the thrust
plate to the cover body in a state where the base
shaft portion is accommodated inside the ac-
commodation hole of the cover body fixed to the
auxiliary bearing,

wherein the assembly process has

a positioning process of positioning the
thrust plate with respect to the protruding
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portion, and
a fixing process of fixing the positioned
thrust plate to the cover body.

6. A refrigeration cycle apparatus comprising:

the rotary compressor according to any one of
claims 1 to 4;

a radiator connected to the rotary compressor;
an expansion device connected to the radiator;
and

an evaporator connected between the expan-
sion device and the rotary compressor.
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