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(54) ROTARY COMPRESSOR AND REFRIGERATION DEVICE HAVING SAME

(57) A rotary compressor (10) includes a motor (21)
disposed above a compression mechanism (30) and
coupled to the compression mechanism through a drive
shaft (25). The compression mechanism has a first cy-
linder (40) located on the upper side, a second cylinder
(50) located on the lower side, a first eccentric portion
(44) housed in the first cylinder, and a second eccentric
portion (54) housed in the second cylinder. A first balance
weight (71) is provided on a lower end portion of a rotor
(23), and a second balance weight (72) is provided on an
upper end portion of the rotor (23). A value of the product
of the mass and eccentric distance of the second balance
weight is smaller than a value of the product of the mass
and eccentric distance of the first balance weight.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a rotary compressor and a refrigeration apparatus including the rotary
compressor.

BACKGROUND ART

[0002] Two-cylinder rotary compressors have been known as a rotary compressor. The two-cylinder rotary compressors
are vertical compressors having a motor, a drive shaft, and a compression mechanism housed in a casing, and the axial
direction of which along the axis of the drive shaft is the vertical direction. The motor is disposed above the compression
mechanism. The drive shaft couples a rotor that constitutes the motor and the compression mechanism to each other.
[0003] The compression mechanism has two cylinders arranged one above the other, and eccentric portions housed in
the respective cylinders. The two eccentric portions are eccentric with respect to the axis of the drive shaft with a phase
difference of 180 degrees in the circumferential direction. The inside of each cylinder is divided into a high-pressure
chamber and a low-pressure chamber by a blade extending outward in the radial direction from a piston. Each eccentric
portion eccentrically rotates in the cylinder along with the rotation of the drive shaft. By this operation, the compression
mechanism sucks fluid into the low-pressure chamber, changes the low-pressure chamber to the high-pressure chamber,
and compresses the fluid in the high-pressure chamber.
[0004] In the two-cylinder rotary compressor, the rotor that constitutes the motor is provided with a balancer for
compensating the unbalance due to the eccentric rotational motion of the compression mechanism. The balancer includes
two balance weights provided on both upper and lower surfaces of the rotor. One example of such a rotary compressor with
the balancer is disclosed in Patent Document 1.

CITATION LIST

PATENT DOCUMENT

[0005] Patent Document 1: Japanese Unexamined Patent Publication No. 2009‑180203

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0006] A general configuration of the rotary compressor with the balancer, such as one described above, is that it is
balanced in a static condition. Specifically, the balance weight on the lower side is eccentric in the same direction as the
eccentric portion on the upper side, and the balance weight on the upper side is eccentric in the same direction as the
eccentric portion on the lower side. The eccentric portions and the balance weights are designed such that a value of the
product of the mass and eccentricity of the eccentric portion on the upper side is equal to a value of the product of the mass
and eccentricity of the eccentric portion on the lower side, and that a value of the product of the mass and eccentric distance
of the balance weight on the upper side is equal to a value of the product of the mass and eccentric distance of the balance
weight on the lower side.
[0007] However, the fluid is compressed in the cylinders when the rotary compressor is operated, and the pressure of the
compressed fluid acts on each eccentric portion. The resulting compressive load is applied to the drive shaft, and the drive
shaft bends slightly. The bent drive shaft results in a deviation of the rotor from a preset rotation center. If this happens, the
centrifugal force of the rotor acts on the drive shaft in combination with the inertial force acting on the balance weight on the
upper side, which increases bending of the drive shaft. As a result, a high-speed operation significantly destroys the static
balance between the compression mechanism (two eccentric portions) and the balancer (two balance weights), and
vibration increases.
[0008] It is an object of the present disclosure to reduce vibration in high-speed operation of a rotary compressor.

SOLUTION TO THE PROBLEM

[0009] A first aspect of the present disclosure is directed to a rotary compressor (10). The rotary compressor (10) of the
first aspect includes: a compression mechanism (30) configured to suck and compress a fluid; a drive shaft (25) configured
to drive the compression mechanism (30); a motor (21) having a rotor (23) coupled to the drive shaft (25); and a balancer
(70) provided on the rotor (23). The compression mechanism (30) has a first cylinder (40) and a second cylinder (50)
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sequentially arranged next to each other from a side closer to the rotor (23) in an axial direction along an axis (AC) of the
drive shaft (25), a first eccentric portion (44) housed in the first cylinder (40), and a second eccentric portion (54) housed in
the second cylinder (50). The balancer (70) has a first balance weight (71) disposed at one end portion of the rotor (23)
closer to the compression mechanism (30) in the axial direction, and a second balance weight (72) disposed at the other
end portion of the rotor (23) in the axial direction. The first eccentric portion (44) and the first balance weight (71) are
eccentric to the axis (AC) of the drive shaft (25) to one side, and the second eccentric portion (54) and the second balance
weight (72) are eccentric to the axis (AC) of the drive shaft (25) to the other side. In the rotary compressor (10), along with
rotation of the drive shaft (25), the first eccentric portion (44) eccentrically rotates in the first cylinder (40), and the second
eccentric portion (54) eccentrically rotates in the second cylinder (50). A relationship of m1 × r1 > m2 × r2 is satisfied,
where a mass of the first balance weight (71) is m1, an eccentric distance of a center of gravity (GC1) of the first balance
weight (71) from the axis (AC) of the drive shaft (25) is r1, a mass of the second balance weight (72) is m2, and an eccentric
distance of a center of gravity (GC2) of the second balance weight (72) from the axis (AC) of the drive shaft (25) is r2.
[0010] According to the first aspect, the value of the product of the mass and the eccentric distance of the second
balance weight (72) (m2 × r2) is smaller than the value of the product of the mass and the eccentric distance of the first
balance weight (71) (m1 × r1). This configuration reduces the inertial force of the second balance weight (72) acting in
combination with the centrifugal force of the rotor (23) deviated from the predetermined rotation center when the drive shaft
(25) is bent in the operation of the rotary compressor (10), thereby making it possible to reduce an increase in the bending
of the drive shaft (25). The vibration in a high-speed operation of the rotary compressor (10) can thus be reduced.
[0011] A second aspect of the present disclosure is the rotary compressor (10) of the first aspect. In the second aspect, a
maximum number of rotations of the drive shaft (25) is 120 rps or more.
[0012] According to the second aspect, the maximum number of rotations of the drive shaft (25) is 120 rps or more, which
is a relatively great number of revolutions. The faster the drive shaft (25) rotates, the more the static balance between the
first eccentric portion (44) and second eccentric portion (54) and the first balance weight (71) and second balance weight
(72) tends to be destroyed significantly due to bending of the drive shaft (25), which tends to increase vibration of the rotary
compressor (10). Thus, the technology according to the present disclosure is effective in the rotary compressor (10) that
operates at the relatively great number of rotations.
[0013] A third aspect of the present disclosure is the rotary compressor (10) of the first or second aspect. In the third
aspect, a relationship of 1.2 - 0.002 × Nmax ≤ (m2 × r2 + m4 × r4)/(m1 × r1 + m3 × r3) ≤ 0.98 is satisfied, where a mass of
the first eccentric portion (44) is m3, an eccentric distance of a center of gravity (GC3) of the first eccentric portion (44) from
the axis (AC) of the drive shaft (25) is r3, a mass of the second eccentric portion (54) is m4, an eccentric distance of a center
of gravity (GC4) of the second eccentric portion (54) from the axis (AC) of the drive shaft (25) is r4, and a maximum number
of rotations of the drive shaft (25) is Nmax [rps].
[0014] According to the third aspect, the static balance relation value obtained by dividing the sum of the value of the
product of the mass and eccentric distance of the second balance weight (72) and the value of the product of the mass and
eccentric distance of the second eccentric portion (54) (m2 × r2 + m4 × r4) by the sum of the value of the product of the
mass and eccentric distance of the first balance weight (71) and the value of the product of the mass and eccentric distance
of the first eccentric portion (44) (m1 × r1 + m3 × r3) is 1.2 - 0.002 × Nmax (maximum number of rotations) or more and
0.98 or less. This can reduce vibration in a high-speed operation of the rotary compressor (10) in accordance with the
maximum number of rotations of the drive shaft (25).
[0015] A fourth aspect of the present disclosure is the rotary compressor (10) of the third aspect. In the fourth aspect, a
relationship of 0.88 ≤ (m2 × r2 + m4 × r4)/(m1 × r1 + m3 × r3) is satisfied.
[0016] According to the fourth aspect, the static balance relation value is 0.88 or more. If the static balance relation value
is smaller than 0.88, the vibration reduction effect in a high-speed operation of the rotary compressor (10) can only be
expected only in a rotation number range relatively close to the maximum number of rotations of the drive shaft (25). On the
other hand, if the static balance relation value is 0.88 or more, vibration of the rotary compressor (10) can be reduced in a
relatively wide range of the number of rotations from the maximum number of rotations of the drive shaft (25).
[0017] A fifth aspect of the present disclosure is the rotary compressor of any one of the first to fourth aspects. In the fifth
aspect, a relationship of Vcc/Φ4 ≥ 3 × 10‑4 is satisfied, where a sum of a volume of a first compression chamber (41s)
formed between an inner peripheral surface of the first cylinder (40) and the first eccentric portion (44) and a volume of a
second compression chamber (51s) formed between an inner peripheral surface of the second cylinder (50) and the
second eccentric portion (54) is Vcc [cc], and a diameter of a main shaft portion (26) of the drive shaft (25) coupled to the
rotor (23) is Φ [mm].
[0018] According to the fifth aspect, an index value indicating how easily the main shaft portion (26) is bent, which is
obtained by dividing the sum Vcc of the volume of the first compression chamber (41s) and the volume the second
compression chamber (51s) by the diameterΦof the main shaft portion (26) of the drive shaft (25), is 3×10‑4 or more. This
configuration makes it possible to bend the main shaft portion (26) suitably such that the static balance between the first
eccentric portion (44) and second eccentric portion (54) and the first balance weight (71) and second balance weight (72)
can be maintained in the operation of the rotary compressor (10).
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[0019] A sixth aspect of the present disclosure is the rotary compressor (10) of any one of the first to fifth aspects. In the
sixth aspect, the drive shaft (25) has a main shaft portion (26) coupled to the rotor (23), and the main shaft portion (26) has a
diameter of 16 mm or less. A relationship of (m3 × r3 + m4 × r4)/2 ≥ 600 is satisfied, where a mass of the first eccentric
portion (44) is m3 [g], an eccentricdistance of a centerof gravity (GC3) of the first eccentric portion (44) from the axis (AC) of
the drive shaft (25) is r3 [mm], a mass of the second eccentric portion (54) is m4 [g], and an eccentric distance of a center of
gravity (GC4) of the second eccentric portion (54) from the axis (AC) of the drive shaft (25) is r4 [mm],
[0020] According to the sixth aspect, the main shaft portion (26) of the drive shaft (25) has a relatively small diameter of
16 mm or less, and an average value of the values of the product of the mass and the eccentric distance of the first eccentric
portion (44) and the product of the mass and the eccentric distance of the second eccentric portion (54) is relatively great,
that is, 600 or more.
[0021] As a method for reducing vibration of the rotary compressor (10) caused by bending of the drive shaft (25) in a
high-speed operation, it is conceivable to increase the diameter of the mainshaft portion (26)and increase the rigidity of the
drive shaft (25), or to reduce the mass and the eccentric distance of each of the first eccentric portion (44) and the second
eccentric portion (54) and reduce the size of the rotor (23). However, the former method increases a mechanical loss such
as a bearing loss, and the efficiency of the rotary compressor (10) decreases. The latter method limits the capacity of the
rotary compressor (10).
[0022] On the other hand, the drive shaft (25) whose main shaft portion (26) has a diameter of 16 mm or less can reduce
the mechanical loss such as the bearing loss and increase the efficiency of the rotary compressors (10). It is also possible
to ensure a relatively great capacity of the rotary compressor (10) when the average value of the values of the product of the
mass and the eccentric distance of the first eccentric portion (44) and the product of the mass and the eccentric distance of
the second eccentric portion (54) is 600 or more. It is thus possible to achieve the rotary compressor (10) with high
efficiency and great capacity, which is less likely to vibrate in a high-speed operation.
[0023] A seventh aspect of the present disclosure is directed to a refrigeration apparatus (1). The refrigeration apparatus
(1) of the seventh aspect includes a refrigerant circuit (1a) configured to perform a refrigeration cycle. The refrigerant circuit
(1a) has the rotary compressors (10) of any one of the first to sixth aspects.
[0024] According to the seventh aspect, the rotary compressor (10) according to the technology of the present
disclosure is used in the refrigerant circuit (1a). Vibration in a high-speed operation is reduced in the rotary compressor
(10). Use of the rotary compressor (10) in the refrigerant circuit (1a) contributes to execution of the refrigeration cycle with
less vibration and noise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1 is a refrigerant circuit diagram illustrating, as an example, a configuration of a refrigeration apparatus of an
embodiment.
FIG. 2 is a vertical cross-sectional view illustrating, as an example, a configuration of a rotary compressor of the
embodiment.
FIG. 3 is a vertical cross-sectional view illustrating, as an example, a configuration of a compression mechanism of the
embodiment.
FIG. 4 is a lateral cross-sectional view illustrating, as an example, configurations of a first cylinder and a first eccentric
portion of the embodiment.
FIG. 5 is a lateral cross-sectional view illustrating, as an example, configurations of a second cylinder and a second
eccentric portion of the embodiment.
FIG. 6 is a vertical cross-sectional view illustrating, as an example, a main portion (rotary system) of the rotary
compressor of the embodiment.
FIG. 7 is a perspective view illustrating, as an example, configurations of a rotor and a balancer of the embodiment.
FIG. 8 is an exploded perspective view illustrating, as an example, the configurations of the rotor and the balancer of
the embodiment.
FIG. 9 is a top view illustrating, as an example, the main portion (rotary system) of the rotary compressor of the
embodiment.
FIG. 10 is a table showing parameters related to the static balance of the rotary system of the rotary compressor and a
static balance relation value, for Comparative Example and Examples 1 to 16.
FIG. 11 is a graph showing results of simulation of the acceleration of vibration generated in the rotary compressors of
Comparative Example and Examples 1 to 11.
FIG. 12 is a table showing results of simulation of the acceleration of vibration generated in the rotary compressors of
Comparative Example and Examples 1 to 16, using the number of rotations on the high-speed side.
FIG. 13 is a lateral cross-sectional view illustrating, as an example, configurations of a first cylinder and a first eccentric
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portion of another embodiment.

DESCRIPTION OF EMBODIMENTS

[0026] An illustrative embodiment will be described below in detail with reference to the drawings. In the following
embodiment, a case in which a rotary compressor according to the technique of the present disclosure is applied to a
refrigerationapparatus will be described as an example.The drawingsare used for conceptual description of the technique
of the present disclosure. In the drawings, dimensions, ratios, or numbers may be exaggerated or simplified for easier
understanding of the technique of the present disclosure.
[0027] In the following embodiment, a direction along the axis of a drive shaft of the rotary compressor will be referred to
as an "axial direction," a direction perpendicular to the axial direction as a "radial direction," and a direction along the
circumference of the drive shaft as a "circumferential direction." In addition, the expressions of "first," "second," ... are used
to distinguish the terms to which these expressions are given, and do not limit the number and order of the terms.

<<Embodiment>>

[0028] As illustrated in FIG. 1, a rotary compressor (10) of this embodiment is provided in a refrigeration apparatus (1).

‑ Refrigeration Apparatus -

[0029] The refrigeration apparatus (1) includes a refrigerant circuit (1a). The refrigerant circuit (1a) is filled with a
refrigerant. The refrigerant is an example of the fluid compressed by the rotary compressor (10). The refrigerant circuit (1a)
includes the rotary compressor (10), a radiator (3), a decompression mechanism (4), and an evaporator (5). The
decompression mechanism (4) is an expansion valve, for example. The refrigerant circuit (1a) performs a vapor
compression refrigeration cycle.
[0030] In the refrigeration cycle, the gas refrigerant compressed by the rotary compressor (10) dissipates heat to the air
in the radiator (3). At this time, the refrigerant is liquefied and changed into liquid refrigerant. The liquid refrigerant having
dissipated heat is decompressed by the decompression mechanism (4). The decompressed liquid refrigerant is
evaporated in the evaporator (5). At this time, the refrigerant is vaporized and changed into gas refrigerant. The evaporated
gas refrigerant is sucked into the rotary compressor (10). The rotary compressor (10) compresses the sucked gas
refrigerant.
[0031] The refrigeration apparatus (1) is an air conditioner, for example. The air conditioner may be a cooling and heating
machine that switches between cooling and heating. In this case, the air conditioner has a switching mechanism that
switches the direction of circulation of the refrigerant. The switching mechanism is a four-way switching valve, for example.
The air conditioner may be a device for cooling only or a device for heating only.
[0032] The refrigeration apparatus (1) may be a water heater, a chiller unit, or a cooling apparatus that cools air in an
internal space. The cooling apparatus is for cooling the air inside a water heater, a refrigerator, a freezer, or a container, for
example.

‑ Rotary Compressor -

[0033] As illustrated in FIG. 2, the rotary compressor (10) is a two-cylinder rotary compressor. The maximum number of
rotations of the rotary compressor (10) is 120 rps or more. The maximum number of rotations described herein is the
number of rotations of a drive shaft (25) rotated by the operation of a motor (21), and refers to the maximum possible
number of rotations in the operation range of the product. It is preferable to increase the maximum number of rotations of
the rotary compressor (10) in order to increase the amount of circulation of the refrigerant in the refrigerant circuit (1a) and
ensure the maximum amount of circulation of the refrigerant.
[0034] The rotary compressor (10) includes a casing (11), a drive mechanism (20), a compression mechanism (30), and
a balancer (70). The drive mechanism (20), the compression mechanism (30), and the balancer (70) are housed in the
casing (11).

<Casing>

[0035] The casing (11) is configured as a vertically-long cylindrical closed container with both ends closed. The casing
(11) is placed in an upright position. The casing (11) has a barrel (12), a lower end plate (13), and an upper end plate (14).
The barrel (12) is in the shape of a cylinder extending in the vertical direction. The lower end plate (13) is fixed to the lower
end of the barrel (12) to close the lower end opening of the barrel (12). The upper end plate (14) is fixed to the upper end of
the barrel (12) to close the upper end opening of the barrel (12).
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[0036] A suction pipe (15) is attached to a lower portion of the barrel (12). The suction pipe (15) penetrates the barrel (12)
and is connected to the compression mechanism (30). A discharge pipe (16) is attached to the upper end plate (14). The
discharge pipe (16) penetrates the upper end plate (14) and is open to an upper space in the casing (11).
[0037] An oil reservoir (18) is provided at the bottom of the casing (11). The oil reservoir (18) is formed by inner walls of a
lower portion of the barrel (12) and the lower end plate (13). The oil reservoir (18) stores oil. The oil lubricates sliding
portions of the compression mechanism (30) and the drive shaft (25).

<Drive Mechanism>

[0038] The drive mechanism (20) includes the motor (21) and the drive shaft (25). The motor (21) is disposed above the
compression mechanism (30). The motor (21) includes a stator (22) and a rotor (23). Each of the stator (22) and the rotor
(23) has a cylindrical shape. The stator (22) is fixed to the barrel (12) of the casing (11). The rotor (23) is disposed in the
hollow of the stator (22).
[0039] Circular plate-shaped end plates (24) having a hole are provided at both ends of the rotor (23) in the axial
direction. The drive shaft (25) is inserted in the hollow of the rotor (23). The rotor (23) is fixed to the drive shaft (25). The drive
shaft (25) rotates together with the rotor (23) when the motor (21) is energized. The drive shaft (25) is a shaft that drives the
compression mechanism (30), and extends in the vertical direction in the casing (11).
[0040] The drive shaft (25) has a main shaft portion (26), a first eccentric shaft portion (27), and a second eccentric shaft
portion (28). An upper portion of the main shaft portion (26) is coupled to the rotor (23). The first eccentric shaft portion (27)
and the second eccentric shaft portion (28) are provided near the lower end of the main shaft portion (26). The first
eccentric shaft portion (27) is disposed above the second eccentric shaft portion (28). The diameters of the first eccentric
shaft portion (27) and the second eccentric shaft portion (28) are greater than the diameter of the main shaft portion (26).
[0041] The first eccentric shaft portion (27) and the second eccentric shaft portion (28) are eccentric from the axis (AC) of
the drive shaft (25) (main shaft portion (26)) by a predetermined distance. The first eccentric shaft portion (27) and the
second eccentric shaft portion (28) are eccentric with respect to the axis (AC) of the drive shaft (25) to the opposite sides. A
portion of the main shaft portion (26) above the first eccentric shaft portion (27) is rotatably supported by a front head (31). A
portion of the main shaft portion (26) below the second eccentric shaft portion (28) is rotatably supported by a rear head
(33).
[0042] A first oil passage (25b) is formed inside the drive shaft (25). The first oil passage (25b) extends to the sliding
portions of the compression mechanism (30) and the drive shaft (25). An oil supply pump (25a) is provided at the lower end
of the drive shaft (25). The oil supply pump (25a) is immersed in the oil in the oil reservoir (18). The oil supply pump (25a)
delivers the oil along with rotation of the drive shaft (25). The delivered oil is supplied to the sliding portions of the
compression mechanism (30) and the drive shaft (25) through the first oil passage (25b).

<Compression Mechanism>

[0043] The compression mechanism (30) is a mechanism for sucking and compressing the refrigerant, and is disposed
below the motor (21). The compression mechanism (30) includes the front head (31), a first cylinder (40), a middle plate
(32), a second cylinder (50), and the rear head (33). The front head (31), the first cylinder (40), the middle plate (32), the
second cylinder (50), and the rear head (33) are stacked in this order from top to bottom and fixed with a fastening bolt (35).
[0044] The front head (31) is fixed to the barrel (12) of the casing (11). The front head (31) is stacked on the top of the first
cylinder (40). The front head (31) is disposed to cover a hollow (first cylinder bore (41)) of the first cylinder (40) from above.
The main shaft portion (26) of the drive shaft (25) is inserted into a center portion of the front head (31). The front head (31)
rotatably supports the drive shaft (25).
[0045] The middle plate (32) is sandwiched between the first cylinder (40) and the second cylinder (50). The middle plate
(32) is disposed to cover the hollow (first cylinder bore (41)) of the first cylinder (40) from below. The middle plate (32) is
disposed to cover a hollow (second cylinder bore (51)) of the second cylinder (50) from above.
[0046] The rear head (33) is stacked on the bottom of the second cylinder (50). The rear head (31) is disposed to cover
the hollow (second cylinder bore (51)) of the second cylinder (50) from below. The main shaft portion (26) of the drive shaft
(25) is inserted into a center portion of the rear head (31). The rear head (31) rotatably supports the drive shaft (25).
[0047] The first cylinder (40) is a substantially annular thick member. The first cylinder (40) has the first cylinder bore (41)
at the center portion. The first cylinder bore (41) is a circular hole penetrating the first cylinder (40) in the thickness direction.
The first cylinder bore (41) serves as a closed space defined by the front head (31) and the middle plate (32). The first
cylinder (40) is fixed to the barrel (12) of the casing (11)with the centerline of the first cylinder bore (41) extending in the axial
direction (vertical direction).
[0048] As illustrated in FIG. 4, the first cylinder (40) has a first bush hole (43a) and a first blade hole (43b). The first bush
hole (43a) and the first blade hole (43b) penetrate the first cylinder (40) in the axial direction (thickness direction). The first
bush hole (43a) and the first blade hole (43b) are each substantially in a circular shape. The first bush hole (43a) is open to
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the first cylinder bore (41). The first blade hole (43b) is located outside the first bush hole (43a) in the radial direction of the
first cylinder (40), and communicates with the first bush hole (43a).
[0049] A pair of first bushes (48) is fitted in the first bush hole (43a). Each of the first bushes (48) is a semi-cylindrical
member. The flat surfaces of the pair of first bushes (48) face each other with a space therebetween. The pair of first bushes
(48) can swing about the centerline of the first bush hole (43a). The pair of first bushes (48) sandwiches a first blade (47),
which will be described later, and restricts rotation of a first piston (45) on its own axis.
[0050] The first cylinder bore (41) houses the first piston (45). The first piston (45) has a first roller (46) and the first blade
(47). The first roller (46) is a cylindrical member. The first eccentric shaft portion (27) of the drive shaft (25) is fitted in the first
roller (46). The outer peripheral surface of the first roller (46) is in sliding contact with the inner peripheral surface of the first
cylinder (40).
[0051] A space for compressing the refrigerant is formed between the outer peripheral surface of the first roller (46) and
the inner peripheral surface of the first cylinder (40). This space is a first compression chamber (41s) formed by part of the
first cylinder bore (41). The first roller (46) rotates integrally with the first eccentric shaft portion (27). The first roller (46) and
the first eccentric shaft portion (27) form a first eccentric portion (44). As described above, the compression mechanism
(30) includes the first eccentric portion (44) housed in the first cylinder (40). The first compression chamber (41s) is formed
between the inner peripheral surface of the first cylinder (40) and the first eccentric portion (44).
[0052] The first blade (47) is provided on the outer peripheral surface of the first roller (46) and extends outward in the
radial direction of the first roller (46). The first blade (47) is sandwiched between the pair of first bushes (48) so as to be
movable back and forth. A tip end portion of the first blade (47) is housed in the first blade hole (43b). The space between
the outer peripheral surface of the first roller (46) and the inner peripheral surface of the first cylinder (40) is divided into a
first low-pressure chamber and a first high-pressure chamber by the first blade (47).
[0053] A first suction port (42) is formed in the first cylinder (40). The first suction port (42) penetrates the first cylinder (40)
in the radial direction. One end of the first suction port (42) is open in the inner peripheral surface of the first cylinder (40),
and communicates with the first low-pressure chamber at a position adjacent to the first bushes (48) (position on the right
side of the first bushes (48) in FIG. 4). The other end of the first suction port (42) is open in the outer peripheral surface of the
first cylinder (40). The suction pipe (15) is connected to the other end of the first suction port (42).
[0054] A first discharge port (49) is formed in the front head (31). The first discharge port (49) penetrates the front head
(31) in the axial direction. One end of the first discharge port (49) is open in the lower surface of the front head (31), and
communicates with the first high-pressure chamber at a position on the opposite side to the first suction port (42) with
respect to the first bushes (48) (position on the left side of the first bushes (48) in FIG. 4). The other end of the first discharge
port (49) is open in the upper surface of the front head (31).
[0055] A first discharge valve (60) is provided on the upper surface of the front head (31). The first discharge valve (60)
opens and closes the first discharge port (49). The first discharge valve (60) is, for example, a reed valve. The first
discharge valve (60) is in a closed state closing the first discharge port (49) while a gas pressure in the first high-pressure
chamber is lower than a gas pressure in the casing (11) (pressure inside the dome). The first discharge valve (60) is in an
open state opening the first discharge port (49) when the gas pressure in the first high-pressure chamber exceeds the
pressure inside the dome.
[0056] The second cylinder (50) is a substantially annular thick member. The second cylinder (50) has the second
cylinder bore (51) at the center portion. The second cylinder bore (51) is a circular hole penetrating the second cylinder (50)
in the thickness direction. The second cylinder bore (51) serves as a closed space defined by the middle plate (32) and the
rear head (33). The second cylinder (50) is provided with the centerline of the second cylinder bore (51) extending in the
axial direction (vertical direction).
[0057] As illustrated in FIG. 5, the second cylinder (50) has a second bush hole (53a) and a second blade hole (53b). The
second bush hole (53a) and the second blade hole (53b) penetrate the second cylinder (50) in the axial direction (thickness
direction). The second bush hole (53a) and the second blade hole (53b) are each substantially in a circular shape. The
second bush hole (53a) is open to the second cylinder bore (51). The second blade hole (53b) is located outside the second
bush hole (53a) in the radial direction of the second cylinder (50), and communicates with the second bush hole (53a).
[0058] A pair of second bushes (58) is fitted in the second bush hole (53a). Each of the second bushes (58) is a semi-
cylindrical member. The flat surfaces of the pair of second bushes (58) faceeach other with a space therebetween.The pair
of second bushes (58) can swing about the centerline of the second bush hole (53a). The pair of second bushes (58)
sandwiches a second blade (57), which will be described later, and restricts rotation of a second piston (55) on its own axis.
[0059] The second cylinder bore (51) houses the second piston (55). The second piston (55) has a second roller (56) and
the second blade (57). The second roller (56) is a cylindrical member. The second eccentric shaft portion (28) of the drive
shaft (25) is fitted in the second roller (56). The outer peripheral surface of the second roller (56) is in sliding contact with the
inner peripheral surface of the second cylinder (50).
[0060] A space for compressing the refrigerant is formed between the outer peripheral surface of the second roller (56)
and the inner peripheral surface of the second cylinder (50). This space is a second compression chamber (51s) formed by
part of the second cylinder bore (51). The second roller (56) rotates integrally with the second eccentric shaft portion (28).
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The second roller (56) and the second eccentric shaft portion (28) form a second eccentric portion (54). As described
above, the compression mechanism (30) includes the second eccentric portion (54) housed in the second cylinder (50).
The second compression chamber (51s) is formed between the inner peripheral surface of the second cylinder (50) and
the second eccentric portion (54).
[0061] The second blade (57) is provided on the outer peripheral surface of the second roller (56) and extends outward in
the radial direction of the second roller (56). The second blade (57) is sandwiched between the pair of second bushes (58)
so as to movable back and forth. A tip end portion of the second blade (57) is housed in the second blade hole (53b). The
space between the outer peripheral surface of the second roller (56) and the inner peripheral surface of the second cylinder
(50) is divided into a second low-pressure chamber and a second high-pressure chamber by the second blade (57).
[0062] A second suction port (52) is formed in the second cylinder (50). The second suction port (52) penetrates the
second cylinder (50) in the radial direction. One end of the second suction port (52) is open in the inner peripheral surface of
the second cylinder (50), and communicates with the second low-pressure chamber at a position adjacent to the second
bushes (58) (position on the right side of the second bushes (58) in FIG. 5). The other end of the second suction port (52) is
open in the outer peripheral surface of the second cylinder (50). The suction pipe (15) is connected to the other end of the
second suction port (52).
[0063] A second discharge port (59) is formed in the rear head (33). The second discharge port (59) penetrates the rear
head (33) in the axial direction. One end of the second discharge port (59) is open in the upper surface of the rear head (33),
and communicates with the second high-pressure chamber at a position on the opposite side to the second suction port
(52) with respect to the second bushes (58) (position on the left side of the second bushes (58) in FIG. 5). The other end of
the second discharge port (59) is open in the lower surface of the rear head (33).
[0064] A second discharge valve (61) is provided on the lower surface of the rear head (33). The second discharge valve
(61) opens and closes the second discharge port (59). The second discharge valve (61) is, for example, a reed valve. The
second discharge valve (61) is in a closed state closing the second discharge port (59) while a gas pressure in the second
high-pressure chamber is lower than the pressure inside the dome. The second discharge valve (61) is in an open state
opening the second discharge port (59) when the gas pressure in the second high-pressure chamber exceeds the
pressure inside the dome.
[0065] In the compression mechanism (30), the first eccentric portion (44) eccentrically rotates in the first cylinder (40)
along with the rotation of the drive shaft (25). As the volume of the first low-pressure chamber gradually increases with
eccentric rotation of the first eccentric portion (44), the refrigerant flowing through the suction pipe (15) is sucked into the
first low-pressure chamber through the first suction port (42). Further eccentric rotation of the first eccentric portion (44)
causes isolation of the first low-pressure chamber from the first suction port (42), and the isolated space serves as the first
high-pressure chamber.
[0066] The gas pressure in the first high-pressure chamber increases as the volume of the first high-pressure chamber
gradually decreases along with further eccentric rotation of the first eccentric portion (44). When the gas pressure in the
first high-pressure chamber exceeds the pressure inside the dome, the first discharge valve (60) is opened, and the
refrigerant in the first high-pressure chamber flows out of the compression mechanism (30) through the first discharge port
(49).
[0067] Along with rotation of the drive shaft (25), the first eccentric portion (44) eccentrically rotates, and the second
eccentric portion (54) also eccentrically rotates in the second cylinder (50). As the volume of the second low-pressure
chamber gradually increases with the eccentric rotation of the second eccentric portion (54), the refrigerant flowing
through the suction pipe (15) is sucked into the second low-pressure chamber through the second suction port (52).
Further eccentric rotation of the second eccentric portion (54) causes isolation of the second low-pressure chamber from
the second suction port (52), and the isolated space serves as the second high-pressure chamber.
[0068] The gas pressure in the second high-pressure chamber increases as the volume of the second high-pressure
chamber gradually decreases along with further eccentric rotation of the second eccentric portion (54). When the gas
pressure in the second high-pressure chamber exceeds the pressure inside the dome, the second discharge valve (61) is
opened, and the refrigerant in the second high-pressure chamber flows out of the compression mechanism (30) through
the second discharge port (59).
[0069] The high-pressure refrigerant having flowed out of the compression mechanism (30) flows upward in the internal
space of the casing (11), and passes through a core cut (not illustrated) or other portions of the motor (21). Then, the high-
pressure refrigerant having flowed upward of the motor (21) is transferred to the refrigerant circuit (1a) through the
discharge pipe (16).
[0070] As illustrated in FIG. 2, an oil supply siphon pipe (36) is connected to the rear head (33). The upper end of the oil
supply siphon pipe (36) is connected to a second oil passage (37). The second oil passage (37) continuously penetrates
the rear head (31), the second cylinder (50), the middle plate (32), and the first cylinder (40). The lower end of the oil supply
siphon pipe (36) is immersed in the oil in the oil reservoir (18). The oil supply siphon pipe (36) sucks up the oil from the oil
reservoir (18) and supplies the oil to the first blade hole (43b) and the second blade hole (53b) through the second oil
passage (37).
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<Accumulator>

[0071] An accumulator (80) is connected to the upstream side of the rotary compressor (10). The accumulator (80)
temporarily stores the refrigerant that is to be sucked into the rotary compressor (10) and performs gas-liquid separation for
a liquid refrigerant and oil contained in the gas refrigerant. The accumulator (80) includes a closed container (81), an inlet
pipe (82), and an outlet pipe (83).
[0072] The closed container (81) is configured as a vertically long cylindrical member. The inlet pipe (82) is a pipe
through which the refrigerant flows into the closed container (81). The inlet pipe (82) is connected to an upper portion of the
closed container (81). The lower end of the inlet pipe (82) is open to the internal space of the closed container (81) at a
position near the top of the closed container (81). The upper end of the inlet pipe (82) is connected to the refrigerant circuit
(1a).
[0073] The outlet pipe (83) is a pipe through which the refrigerant flows out of the closed container (81). Two outlet pipes
(83) are connected to a lower portion of the closed container (81). Each of the outlet pipes (83) has an upper end portion
extending in the vertical direction in the closed container (81) and opening to the internal space of the closed container (81)
at a position near the top of the closed container (81). Each of the outlet pipes (83) has a lower end portion extending
downward from the lower end of the closed container (81) and bent to be connected to the suction pipe (15) of the rotary
compressor (10).

<Balancer>

[0074] As also illustrated in FIGS. 6 to 8, the balancer (70) is for compensating the unbalance due to the eccentric
rotational motion of the compression mechanism (30), and is provided on the rotor (23). The balancer (70) has a first
balance weight (71) and a second balance weight (72).
[0075] The first balance weight (71) is an arc plate-shaped member. The first balance weight (71) is disposed on one end
portion of the rotor (23) closer to the compression mechanism (30) in the axial direction, that is, a lower end portion of the
rotor (23). The first balance weight (71) is attached to the lower surface of the end plate (24) on the lower side by placing the
arc shape along the circumferential direction and fixing both end portions to the end plate (24) on the lower side with two
rivets (75).
[0076] The second balance weight (72) is a cylindrical member. The second balance weight (72) is disposed on the other
end portion of the rotor (23) opposite to the compression mechanism (30) in the axial direction, that is, an upper end portion
of the rotor (23). The second balance weight (72) is attached to the upper surface of the end plate (24) on the upper side by
placing the second balance weight (72) at a position opposed to the first balance weight (71) with respect to the axis (AC) of
the drive shaft (25) in plan view and fixing a center portion to the end plate (24) on the upper side with one rivet (75).
[0077] As also illustrated in FIG. 9, the first balance weight (71) and the second balance weight (72) are eccentric to the
axis (AC) of the drive shaft (25) to opposite sides, and are arranged with a phase difference of 180° in the circumferential
direction. The first balance weight (71) is eccentric in the same direction as the first eccentric portion (44). The first balance
weight (71) and the first eccentric portion (44) are in phase with each other. The second balance weight (72) is eccentric in
the same direction as the second eccentric portion (54). The second balance weight (72) and the second eccentric portion
(54) are in phase with each other.
[0078] As described above, the first balance weight (71), together with the first eccentric portion (44), is eccentric to the
axis (AC) of the drive shaft (25) to one side, and the second balance weight (72), together with the second eccentric portion
(54), is eccentric to the axis (AC) of the drive shaft (25) to the other side. The first balance weight (71) and the second
balance weight (72) balance forces causing parallel displacement of the drive shaft (25) based on the inertial force acting
on the first eccentric portion (44) and the second eccentric portion (54), thereby maintaining static balance (balance of the
parallel displacement force).

<Configuration Related to Static Balance during High-Speed Operation>

[0079] In an operation of the rotary compressor (10), the drive shaft (25) is slightly bent due to a compressive load from
the compression mechanism (30), and the rotor (23) deviates from a preset rotation center. The centrifugal force of the
rotor (23) acts in combination with the inertial force acting on the second balance weight (72), which increases bending of
the drive shaft (25). As a result, a high-speed operation significantly destroys the static balance between the compression
mechanism (30) (the first eccentric portion (44) and the second eccentric portion (54)) and the balancer (70) (the first
balance weight (71) and the second balance weight (72)), and vibration increases.
[0080] To address this, the rotary compressor (10) of this example is configured such that the centrifugal force acting on
the second balance weight (72) becomes smaller than the centrifugal force acting on the first balance weight (71) to
achieve static balance in a high-speed operation, in consideration of the fact that the centrifugal force of the rotor (23) acts
in combination with the inertial force acting on the second balance weight (72) when the drive shaft (25) is bent.
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[0081] Specifically, the mass and the eccentric distance of each of the first balance weight (71) and the second balance
weight (72) satisfy a relationship expressed by Expression (1) below, where the mass of the first balance weight (71) is m1
[g], the eccentric distance of the center of gravity (GC1) of the first balance weight (71) from the axis (AC) of the drive shaft
(25) is r1 [mm], the mass of the second balance weight (72) is m2 [g], and the eccentric distance of the center of gravity
(GC2) of the second balance weight (72) from the axis (AC) of the drive shaft (25) is r2 [mm],

[0082] A static balance relation value corresponding to the ratio between the total centrifugal force acting on the first
eccentric portion (44) and the first balance weight (71) and the total centrifugal force acting on the second eccentric portion
(54) and the second balance weight (72) is adjusted according to the maximum number of rotations of the rotary
compressor (10) so as to achieve the static balance of the entire rotary system including the drive mechanism (20), the
compression mechanism (30), and the balancer (70).
[0083] Specifically, the mass and the eccentric distance of each of the first eccentric portion (44), the second eccentric
portion (54), the first balance weight (71), and the second balance weight (72) satisfy a relationship expressed by
Expression (2) below, where the mass of the first eccentric portion (44) is m3 [g], the eccentric distance of the center of
gravity (GC3) of the first eccentric portion (44) from the axis (AC) of the drive shaft (25) is r3 [mm], the mass of the second
eccentric portion (54) is m4 [g], the eccentric distance of the center of gravity (GC4) of the second eccentric portion (54)
from the axis (AC) of the drive shaft (25) is r4 [mm], and the maximum number of rotations of the compression mechanism
(30) is Nmax [rps].

[0084] The mass of the first eccentric portion (44) is calculated by adding the mass of the first eccentric shaft portion (27)
and the mass of the first piston (45). The mass of the second eccentric portion (54) is calculated by adding the mass of the
second eccentric shaft portion (28) and the mass of the second piston (55). It is preferable that the mass and the eccentric
distance of each of the first eccentric portion (44), the second eccentric portion (54), the first balance weight (71), and the
second balance weight (72) further satisfy a relationship expressed by Expression (3) below in order to ensure a relatively
wide range of the number of rotations that can reduce vibration of the rotary compressor (10).

[0085] In the rotary compressor (10) of this example, the mass of the first eccentric portion (44) and the mass of the
second eccentric portion (54)are designed to be equal to eachother, and the eccentricdistance of the first eccentric portion
(44) and the eccentric distance of the second eccentric portion (54) are designed to be equal to each other. On the other
hand, the mass of the first balance weight (71) is smaller than the mass of the second balance weight (72), and the
eccentric distance of the first balance weight (71) is longer than the eccentric distance of the second balance weight (72).
[0086] In the rotary compressor (10) of this example, the static balance is maintained in the state in which the drive shaft
(25) is bent. Thus, the diameter of the main shaft portion (26) of the drive shaft (25) is designed to be relatively small to allow
bending. As illustrated in FIG. 3, the moment of inertia Is of the main shaft portion (26) is expressed by Expression (4)
below, where the diameter of the main shaft portion (26) of the drive shaft (25) is Φ [mm]. This moment of inertia relates to
the amount of bending of the main shaft portion (26). The amount of bending of the main shaft portion (26) is inversely
proportional to the fourth power of the diameter Φ.

[0087] In the rotary compressor (10), the larger the sum of the volume of the first compression chamber (41s) and the
volume of the second compression chamber (51s), the larger the sum of the mass of the first eccentric portion (44) and the
mass of the second eccentric portion (54) tends to be. The larger the sum of the mass of the first eccentric portion (44) and
the mass of the second eccentric portion (54), the greater the centrifugal force acting on the main shaft portion (26) of the
drive shaft (25) from the compression mechanism (30) becomes. Thus, the amount of bending of the main shaft portion
(26) increases.
[0088] From the above-described point, it is preferable to satisfy a relationship expressed by Expression (5) below,
where the sum of the volume of the first compression chamber (41s) and the volume of the second compression chamber
(51s) is Vcc [cc]. When the value of Vcc/Φ4 is 3 × 10‑4 or more, the main shaft portion (26) is relatively thin with respect to
the total volume of the first compression chamber (41s) and the second compression chamber (51s), and therefore, the
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main shaft portion (26) is easily bent in an operation of the rotary compressor (10) due to the centrifugal force generated by
operation of the compression mechanism (30). In the case where the main shaft portion (26) is relatively thin as described
above, the problem of increased vibration during high speed operation becomes prominent in a conventional rotary
compressor.

[0089] The volume V1 of the first compression chamber (41s) is expressed by Expression (6) below, where the inner
diameter area of the first cylinder (40) is Sc1, the length of the first cylinder bore (41) is H1, the outer diameter area of the
first roller (46) is Sr1, and the thickness of the first roller (46) is T1. Further, the volume V2 of the second compression
chamber (51s) is expressed by Expression (7) below, where the inner diameter area of the second cylinder (50) is Sc2, the
length of the second cylinder bore (51) is H2, the outer diameter area of the second roller (56) is Sr2, and the thickness of
the second roller (56) is T2. The sum Vcc of the volume of the first compression chamber (41s) and the volume of the
second compression chamber (51s) is expressed by Expression (8) below.

[0090] For example, the diameter of the main shaft portion (26) is 16 mm or less. The sum of the volume of the first
compression chamber (41s) and the volume of the second compression chamber (51s) is, for example, 20 cc or more. In
addition, in order to ensure the capacity of the rotary compressor (10), the first eccentric portion (44) and the second
eccentric portion (54) are designed such that the centrifugal force acting on the first eccentric portion (44) and the second
eccentric portion (54) is relatively great. Specifically, the mass and the eccentric distance of each of the first eccentric
portion (44) and the second eccentric portion (54) satisfy a relationship expressed by Expression (9) below.

[0091] In view of the above-described point, a specific example is that each of the mass of the first eccentric portion (44)
and the mass of the second eccentric portion (54) is 187.4 g. Each of the eccentric distance of the first eccentric portion (44)
and the eccentric distance of the second eccentric portion (54) is 4.95 mm. The mass of the first balance weight (71) is
10.46 g. The mass of the second balance weight (72) is 5.4 g. The eccentric distance of the first balance weight (71) is 18.63
mm. The eccentric distance of the second balance weight (72) is 23.5 mm. The static balance relation value ((m2× r2 + m4
× r4)/(m1 × r1 + m3 × r3)) in this example is 0.939.

‑ Evaluation of Vibration Reduction Effect -

[0092] The acceleration of vibration generated in a simulation of the operation of the rotary compressor (10) was
obtained for a Comparative Example having a static balance relation value ((m2× r2 + m4× r4)/(m1× r1 + m3× r3)) of 1.0
and Examples 1 to 16 having different static balance relation values between 0.84 and 0.99 in increments of 0.01.
[0093] As shown in FIG. 10, the rotary compressors (10) of Comparative Example and Examples 1 to 16 have the same
value of the product of the mass and eccentric distance of the first balance weight (71) (m1 × r1), the same value of the
product of the mass and eccentric distance of the first eccentric portion (44) (m3× r3), and the same value of the product of
the mass and eccentric distance of the second eccentric portion (54) (m4 × r4), and are different from one another only in
the value of the product of the mass and eccentric distance of the second balance weight (71) (m2 × r2).
[0094] In the rotary compressors (10) of Comparative Example and Examples 1 to 16, the value of the product of the
mass and eccentric distance of the first balance weight (71) (m1 × r1) is 194.9 g mm, and the value of the product of the
mass and eccentric distance of the first eccentric portion (44) (m3 × r3) and the value of the product of the mass and
eccentric distance of the second eccentric portion (54) (m4 × r4) are the same as each other, i.e., 927.5 g·mm.
[0095] In the rotary compressor (10) of Comparative Example, the value of the product of the mass and eccentric
distance of the second balance weight (72) (m2 × r2) is 195.1 g·mm, and the static balance relation value is 1.0.
[0096] In the rotary compressor (10) of Example 1, the value of the product of the mass and eccentric distance of the
second balance weight (72) (m2× r2) is 183.8 g·mm, and the static balance relation value is 0.99. In the rotary compressor
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(10) of Example 2, the value of the product of the mass and eccentric distance of the second balance weight (72) (m2 × r2)
is 172.5 g mm, and the static balance relation value is 0.98.
[0097] In the rotary compressor (10) of Example 3, the value of the product of the mass and eccentric distance of the
second balance weight (72) (m2× r2) is 161.2 g·mm, and the static balance relation value is 0.97. In the rotary compressor
(10) of Example 4, the value of the product of the mass and eccentric distance of the second balance weight (72) (m2 × r2)
is 149.9 g mm, and the static balance relation value is 0.96.
[0098] In the rotary compressor (10) of Example 5, the value of the product of the mass and eccentric distance of the
second balance weight (72) (m2× r2) is 138.7 g·mm, and the static balance relation value is 0.95. In the rotary compressor
(10) of Example 6, the value of the product of the mass and eccentric distance of the second balance weight (72) (m2 × r2)
is 127.6 g mm, and the static balance relation value is 0.94.
[0099] In the rotary compressor (10) of Example 7, the value of the product of the mass and eccentric distance of the
second balance weight (72) (m2 × r2) is 116.3 g mm, and the static balance relation value is 0.93. In the rotary compressor
(10) of Example 8, the value of the product of the mass and eccentric distance of the second balance weight (72) (m2 × r2)
is 105.0 g mm, and the static balance relation value is 0.92.
[0100] In the rotary compressor (10) of Example 9, the value of the product of the mass and eccentric distance of the
second balance weight (72) (m2 × r2) is 94.0 g mm, and the static balance relation value is 0.91. In the rotary compressor
(10) of Example 10, the value of the product of the mass and eccentric distance of the second balance weight (72) (m2× r2)
is 82.7 g mm, and the static balance relation value is 0.90.
[0101] In the rotary compressor (10) of Example 11, the value of the product of the mass and eccentric distance of the
second balance weight (72) (m2 × r2) is 71.4 g mm, and the static balance relation value is 0.89. In the rotary compressor
(10) of Example 12, the value of the product of the mass and eccentric distance of the second balance weight (72) (m2× r2)
is 60.2 g mm, and the static balance relation value is 0.88.
[0102] In the rotary compressor (10) of Example 13, the value of the product of the mass and eccentric distance of the
second balance weight (72) (m2 × r2) is 49.0 g mm, and the static balance relation value is 0.87. In the rotary compressor
(10) of Example 14, the value of the product of the mass and eccentric distance of the second balance weight (72) (m2× r2)
is 37.8 g mm, and the static balance relation value is 0.86.
[0103] In the rotary compressor (10) of Example 15, the value of the product of the mass and eccentric distance of the
second balance weight (72) (m2 × r2) is 26.5 g mm, and the static balance relation value is 0.85. In the rotary compressor
(10) of Example 16, the value of the product of the mass and eccentric distance of the second balance weight (72) (m2× r2)
is 15.3 g mm, and the static balance relation value is 0.84.
[0104] The simulation results for the rotary compressors (10) of Comparative Example and Examples 1 to 11 are shown
in FIG. 11 in the form of a graph. In FIG. 11, the simulation results for the rotary compressors (10) of Examples 12 to 14 are
omitted for the sake of convenience. As illustrated in FIG. 11, the vibration acceleration of all the rotary compressors (10)
tends to increase once and then decrease to a local minimum value as the number of rotations increases, and tends to
increase more along with a further increase in the number of rotations from the local minimum value.
[0105] The graph shows that the smaller the static balance relation value, the more the minimum value of the vibration
acceleration tends to shift to a higher rotation side. That is, the number of rotations at the local minimum value of the
vibration acceleration becomes greater in the order of the rotary compressor (10) of Comparative Example, the rotary
compressor (10) of Example 1, the rotary compressor (10) of Example 2, the rotary compressor (10) of Example 3, the
rotary compressor (10) of Example 4, the rotary compressor (10) of Example 5, the rotary compressor (10) of Example 6,
the rotary compressor (10) of Example 7, the rotary compressor (10) of Example 8, the rotary compressor (10) of Example
9, the rotary compressor (10) of Example 10, and the rotary compressor (10) of Example 11.
[0106] Further, FIG. 12 shows the numerical values [m/s2] of the vibration accelerations of the simulation results for the
rotary compressors (10) of Comparative Example and Examples 1 to 17 at the number of rotations of 120 rps, 130 rps, 140
rps, 150 rps, 160 rps, 170 rps, and 180 rps. As illustrated in FIG. 12, the rotary compressors (10) of Examples 1 to 17 show
lower vibration accelerations than the rotary compressor (10) of Comparative Example, which confirms the vibration
reduction effect in a high-speed operation. In FIG. 12, the numerical values indicating the vibration reduction effect are
underlined. This simulation shows that the vibration reduction effect is obtained only on the side of the higher number of
rotations as the static balance relation value is smaller, and the vibration reduction effect is obtained in a wide range of the
number of rotations on the side of greater static balance relation values (i.e., side closer to 1.0).

‑ Features of First Embodiment -

[0107] In the rotary compressor (10) of the first embodiment, the value of the product of the mass and eccentric distance
of the second balance weight (72) (m2 × r2) is smaller than the value of the product of the mass and eccentric distance of
the first balance weight (71) (m1 × r1). This configuration reduces the inertial force of the second balance weight (72)
acting in combination with the centrifugal force of the rotor (23) deviated from the predetermined rotation center when the
drive shaft (25) is bent in the operation of the rotary compressor (10), thereby making it possible to reduce an increase in the
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bending of the drive shaft (25). The vibration in a high-speed operation of the rotary compressor (10) can thus be reduced.
[0108] The rotary compressor (10) of the first embodiment has the maximum number of rotations of 120 rps or more,
which is a relatively great number of rotations. The faster the rotary compressor (10) rotates, the more the static balance
between the first eccentric portion (44) and second eccentric portion (54) and the first balance weight (71) and second
balance weight (72) tends to be destroyed significantly due to bending of the drive shaft (25), which tends to increase
vibration of the rotary compressor (10) in operation. Thus, the technology according to the present disclosure is effective in
the rotary compressor (10) that operates at the relatively great number of rotations.
[0109] In the rotary compressor (10) of the first embodiment, the static balance relation value obtained by dividing the
sum of the value of the product of the mass and eccentric distance of the second balance weight (72) and the value of the
product of the mass and eccentric distance of the second eccentric portion (54) (m2× r2 + m4 × r4) by the sum of the value
of the product of the mass and eccentric distance of the first balance weight (71) and the value of the product of the mass
and eccentric distance of the first eccentric portion (44) (m1 × r1 + m3 × r3) is 1.2 - 0.002 × Nmax (maximum number of
rotations) or more and 0.98 or less. This can reduce vibration in a high-speed operation in accordance with the maximum
number of rotations of the rotary compressor (10).
[0110] In the rotary compressor (10) of the first embodiment, the static balance relation value is 0.88 or more. If the static
balance relation value is smaller than 0.88, the vibration reduction effect in a high-speed operation of the rotary
compressor (10) can only be expected only in a rotation number range relatively close to the maximum number of
rotations of the compression mechanism (30). On the other hand, if the static balance relation value is 0.88 or more,
vibration of the rotary compressor (10) can be reduced in a relatively wide range of the number of rotations from the
maximum number of rotations of the compression mechanism (30).
[0111] In the rotary compressor (10) of the first embodiment, an index value indicating how easily the main shaft portion
(26) is bent, which is obtained by dividing the sum Vcc of the volume of the first compression chamber (41s) and the volume
the second compression chamber (51s) by the diameterΦof the main shaft portion (26) of the drive shaft (25), is 3×10‑4 or
more. This configuration makes it possible to bend the main shaft portion (26) suitably such that the static balance between
the first eccentric portion (44) and second eccentric portion (54) and the first balance weight (71) and second balance
weight (72) can be maintained in the operation of the rotary compressor (10).
[0112] In the rotary compressor (10) of the first embodiment, the main shaft portion (26) of the drive shaft (25) has a
relatively small diameter of 16 mm or less, and an average value of the values of the product of the mass and the eccentric
distance of the first eccentric portion (44) and the product of the mass and the eccentric distance of the second eccentric
portion (54) is relatively great, that is, 600 or more.
[0113] As a method for reducing vibration of the rotary compressor (10) caused by bending of the drive shaft (25) in a
high-speed operation, it is conceivable to increase the diameter of the mainshaft portion (26)and increase the rigidity of the
drive shaft (25), or to reduce the mass and the eccentric distance of each of the first eccentric portion (44) and the second
eccentric portion (54) and reduce the size of the rotor. However, the former method increases a mechanical loss such as a
bearing loss, and the efficiency of the rotary compressor (10) decreases. The latter method limits the capacity of the rotary
compressor (10).
[0114] On the other hand, the drive shaft (25) whose main shaft portion (26) has a diameter of 16 mm or less can reduce
the mechanical loss such as the bearing loss and increase the efficiency of the rotary compressors (10). It is also possible
to ensure a relatively great capacity of the rotary compressor (10) when the average value of the values of the product of the
mass and the eccentric distance of the first eccentric portion (44) and the product of the mass and the eccentric distance of
the second eccentric portion (54) is 600 or more. It is thus possible to achieve the rotary compressor (10) with high
efficiency and great capacity, which is less likely to vibrate in a high-speed operation.
[0115] In the refrigeration apparatus (1) of the first embodiment, the rotary compressor (10) is used in the refrigerant
circuit (1a). Vibration in a high-speed operation is reduced in the rotary compressor (10). Use of the rotary compressor (10)
in the refrigerant circuit (1a) contributes to execution of the refrigeration cycle with less vibration and noise.

<<Other Embodiments>>

[0116] As illustrated in FIG. 13, the compression mechanism (30) of the rotary compressor (10) of the above-described
embodiment may be of a rolling piston type in which the first blade (47) of the first piston (45) is formed separately from the
first roller (46). In such a compression mechanism (30), the flat plate-shaped first blade (47) is fitted in a first blade groove
(90) extending in the radial direction of the first cylinder (40) so as to be movable move back and forth, and the first bushes
(48) are omitted. The first blade (47) is pressed against the outer peripheral surface of the first roller (46) by a spring (91). A
tip end portion of the first blade (47) is in sliding contact with the outer peripheral surface of the first roller (46). The same
may also apply to the second piston (55).
[0117] In the rotary compressor (10) of the above-described embodiment, the mass of the first balance weight (71) and
the mass of the second balance weight (72) may be the same as each other, or the eccentric distance of the first balance
weight (71) and the eccentric distance of the second balance weight (72) may be the same as each other. The first balance
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weight (71) and the second balance weight (72) may have the same shape, which may be any shape. In short, it is only
necessary to have the value of the product of the mass and the eccentric distance of the second balance weight (72) (m2 ×
r2) smaller than the value of the product of the mass and the eccentric distance of the first balance weight (71) (m1 × r1).
[0118] In the rotary compressor (10) of the above-described embodiment, the mass of the first eccentric portion (44) and
the mass of the second eccentric portion (54) may be different from each other, and the eccentric distance of the first
eccentric portion (44) and the eccentric distance of the second eccentric portion (54) may be different from each other. In
short, it is only necessary that the static balance of the entire rotary system including the drive mechanism (20), the
compression mechanism (30), and the balancer (70) is maintained in the operation of the rotary compressor (10).
[0119] While the embodiments and variations thereof have been described above, it will be understood that various
changes in form and details may be made without departing from the spirit and scope of the claims. The foregoing
embodiments and variations thereof may be combined and replaced with each other without deteriorating the intended
functions of the present disclosure.

INDUSTRIAL APPLICABILITY

[0120] As described above, the present disclosure is useful for the rotary compressor and the refrigeration apparatus
including the rotary compressor.

DESCRIPTION OF REFERENCE CHARACTERS

[0121]

AC Axis
GC1 Center of Gravity of First Balance Weight
GC2 Center of Gravity of Second Balance Weight
GC3 Center of Gravity of First Eccentric Portion
GC4 Center of Gravity of Second Eccentric Portion
1 Refrigeration Apparatus
1a Refrigerant Circuit
10 Rotary Compressor
21 Motor
23 Rotor
25 Drive Shaft
30 Compression Mechanism
40 First Cylinder
41s First Compression Chamber
44 First Eccentric Portion
50 Second Cylinder
51s Second Compression Chamber
54 First Eccentric Portion
70 Balancer

71 First Balance Weight
72 Second Balance Weight

Claims

1. A rotary compressor comprising:

a compression mechanism (30) configured to suck and compress a fluid; a drive shaft (25) configured to drive the
compression mechanism (30); a motor (21) having a rotor (23) coupled to the drive shaft (25); and a balancer (70)
provided on the rotor (23), wherein
the compression mechanism (30) has a first cylinder (40) and a second cylinder (50) sequentially arranged next to
each other from a side closer to the rotor (23) in an axial direction along an axis (AC) of the drive shaft (25), a first
eccentric portion (44) housed in the first cylinder (40), and a second eccentric portion (54) housed in the second
cylinder (50),
the balancer (70) has a first balance weight (71) disposed at one end portion of the rotor (23) closer to the
compression mechanism (30) in the axial direction, and a second balance weight (72) disposed at the other end
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portion of the rotor (23) in the axial direction,
the first eccentric portion (44) and the first balance weight (71) are eccentric to the axis (AC) of the drive shaft (25)
to one side, and the second eccentric portion (54) and the second balance weight (72) are eccentric to the axis
(AC) of the drive shaft (25) to the other side,
along with rotation of the drive shaft (25), the first eccentric portion (44) eccentrically rotates in the first cylinder
(40), and the second eccentric portion (54) eccentrically rotates in the second cylinder (50), and
a relationship of

is satisfied, where a massof the first balance weight (71) is m1, an eccentric distance of a centerof gravity (GC1) of
the first balance weight (71) from the axis (AC) of the drive shaft (25) is r1, a mass of the second balance weight
(72) is m2, and an eccentric distance of a center of gravity (GC2) of the second balance weight (72) from the axis
(AC) of the drive shaft (25) is r2.

2. The rotary compressor of claim 1, wherein a maximum number of rotations of the drive shaft (25) is 120 rps or more.

3. The rotary compressor of claim 1 or 2, wherein

a relationship of

is satisfied, where a mass of the first eccentric portion (44) is m3, an eccentric distance of a center of gravity (GC3)
of the first eccentric portion (44) from the axis (AC) of the drive shaft (25) is r3, a mass of the second eccentric
portion (54) is m4, an eccentric distance of a center of gravity (GC4) of the second eccentric portion (54) from the
axis (AC) of the drive shaft (25) is r4, and a maximum number of rotations of the drive shaft (25) is Nmax [rps].

4. The rotary compressor of claim 3, wherein

a relationship of

is satisfied.

5. The rotary compressor of any one of claims 1 to 4, wherein

a relationship of

is satisfied, where a sum of a volume of a first compression chamber (41s) formed between an inner peripheral
surface of the first cylinder (40) and the first eccentric portion (44) and a volume of a second compression chamber
(51s) formed between an inner peripheral surface of the second cylinder (50) and the second eccentric portion
(54) is Vcc [cc], and a diameter of a main shaft portion (26) of the drive shaft (25) coupled to the rotor (23) isΦ [mm].

6. The rotary compressor of any one of claims 1 to 5, wherein

the drive shaft (25) has a main shaft portion (26) coupled to the rotor (23), the main shaft portion (26) having a
diameter of 16 mm or less, and
a relationship of

is satisfied, where a mass of the first eccentric portion (44) is m3 [g], an eccentric distance of a center of gravity
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(GC3) of the first eccentric portion (44) from the axis (AC) of the drive shaft (25) is r3 [mm], a mass of the second
eccentric portion (54) is m4 [g], and an eccentric distance of a center of gravity (GC4) of the second eccentric
portion (54) from the axis (AC) of the drive shaft (25) is r4 [mm].

7. A refrigeration apparatus comprising: a refrigerant circuit (1a) configured to perform a refrigeration cycle, wherein
the refrigerant circuit (1a) includes the rotary compressor (10) of any one of claims 1 to 6.
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