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16 ABSTRACT OF THE DISCLOSURE

On a plane orthogonal to the rotation shaft, an upper muffler 

chamber has a plurality of flared portions that are flared from 

a center of a rotation shaft toward between penetrating bolts and 

a plurality of small-diameter portions that connect between the 

flared portions, are apart from penetrating bolts, and are formed 

on a center side of the rotation shaft from the penetrating bolts. 

A muffler outlet is provided in each flared portion. A second 

outlet and a refrigerant path hole of an upper end plate are 

positioned on an inside of one of a plurality of flared portions, 

and an opening area of the muffler outlet of one flared portion 

is greater than an opening area of the muffler outlet of each of 

the other flared portions.
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16 ORIGINAL COMPLETE SPECIFICATION 
STANDARD PATENT

Invention Title
Rotary compressor

The following statement is a full description of this invention, including the best method 
of performing it known to me/us:-
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16 DESCRIPTION

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority from Japanese Patent 

application JP 2015-179641, filed on September 11, 2015, and 

Japanese Patent application JP 2016-137898, filed on July 12, 2016, 

the contents of which are hereby incorporated by reference into 

this application.

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

The present invention relates to a rotary compressor that 

is used in an air conditioner, a refrigerating machine, or the like. 

2 . BACKGROUND ART

For a purpose of suppressing noise caused by discharge of 

refrigerant, for example, a muffler member, in which two muffler 

outlets provided in the muffler member (end plate cover) are 

disposed in positions which are symmetrical sound sources with 

respect to an space on an outside of the muffler and nodes of a 

primary resonant mode and a flared portion of the muffler in a radial 

direction is an asymmetrical shape with respect to a y axis 

orthogonal to a rotation shaft, thereby being shifted from a 

position of a belly of a secondary resonant mode, is known.

As the related art, there is a configuration in which for 

a purpose of avoiding the positions of the bellies of the primary 

resonant mode and the secondary resonant mode, a muffler outlet
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 20
16 is disposed adjacent to an outer peripheral portion of the boss 

portion (main bearing) of a front head (upper end plate) . However, 

in such a configuration, in a case of a rotary compressor of a 

two-cylinder type, it becomes a muffler structure in which 

refrigerant that is compressed in a second compressing unit and 

refrigerant having a different pressure pulsation component, which 

is compressed in a first compressing unit and of which a pressure 

pulsation is reduced by a first muffler and a refrigerant path are 

easy to merge in a second muffler space. Therefore, the pressure 

pulsation is amplified and, as a result, there is a problem that 

noise is increased.

An object of the invention is to obtain a rotary compressor 

which suppresses a pressure pulsation of refrigerant being 

amplified and is able to suppress noise caused by discharge of 

refrigerant .

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a vertical sectional view illustrating a rotary 

compressor according to an example of the invention.

Fig. 2 is a horizontal sectional view of a first compressing 

unit and a second compressing unit of the example when viewed from 

below .

Fig. 3 is a plan view of an upper end plate cover of Example 

1 when viewed from below.

Fig. 4 is a plan view in which a positional relationship
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16 between the upper end plate cover, a discharge valve unit, and a 

refrigerant path hole of Example 1 are viewed from below the upper 

end plate cover.

Fig. 5 is a graph in which noise of the rotary compressor 

using the upper end plate cover of Example 1 and noise of a rotary 

compressor of related art are compared.

Fig. 6 is a plan view of an upper end plate cover of Example

2 when viewed from below.

Fig. 7 is a perspective view illustrating an upper end plate 

cover of Example 3.

Fig. 8 is an exploded perspective view illustrating the upper 

end plate cover of Example 3.

Fig. 9 is a plan view of the upper end plate cover of Example

3 when viewed from above.

Fig. 10 is a plan view of a positional relationship between 

a muffler outlet of the upper end plate cover, a second outlet, 

and a refrigerant path hole of Example 3 when viewed from below 

the upper end plate cover.

Fig. 11 is a graph in which noise of the rotary compressor 

using the upper end plate cover of Example 3 and noise of a rotary 

compressor of related art are compared.

Fig. 12 is a plan view of an upper end plate cover of a 

modification example of Example 3 when viewed from below.

Fig. 13 is a plan view of an upper end plate cover of another 

modification example of Example 3 when viewed from below.
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16

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, an example (exemplary embodiment) for embodying 

the invention will be described in detail based on the drawings.

Example 1

Fig. 1 is a vertical sectional view illustrating an example 

of a rotary compressor according to the invention. Fig. 2 is a 

horizontal sectional view of a first compressing unit and a second 

compressing unit of the example when viewed from below.

As illustrated in Fig. 1, a rotary compressor 1 of the example 

includes a compressing unit 12 that is disposed in a lower section 

of a vertically-positioned airtight compressor housing 10 which 

has a cylindrical shape, and a motor 11 that is disposed in an upper 

section of the compressor housing 10 and drives the compressing 

unit 12 via a rotation shaft 15.

A stator 111 of the motor 11 is formed in a cylindrical shape 

and is shrink-fitted and fixed in the inner circumferential surface 

of the compressor housing 10. A rotor 112 of the motor 11 is 

disposed inside the cylindrical stator 111 and is shrink-fitted 

and fixed to the rotation shaft 15 that mechanically connects the 

motor 11 with the compressing unit 12.

The compressing unit 12 includes a first compressing unit 

12S and a second compressing unit 12T, and the second compressing 

unit 12T is disposed on an upper side of the first compressing unit
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 20
16 12S. As illustrated in Fig. 2, the first compressing unit 12S 

includes an annular first cylinder 121S. The first cylinder 121S 

has a first side-flared portion 122S that is flared from an annular 

outer periphery in a radial direction of the rotation shaft 15. 

A first inlet hole 135S and a first vane groove 128S are radially 

provided in the first side-flared portion 122S. In addition, the 

second compressing unit 12T includes an annular second cylinder 

121T. The second cylinder 121T has a second side-flared portion 

122T that is flared from the annular outer periphery in the radial 

direction of the rotation shaft 15. A second inlet hole 135T and 

a second vane groove 128T are radially provided in the second 

side-flared portion 122T.

As illustrated in Fig. 2, a circular first cylinder inner 

wall 123S is formed in the first cylinder 121S concentric to the 

rotation shaft 15 of the motor 11. An annular first piston 125S 

of which an outer diameter is smaller than an inner diameter of 

the first cylinder 121S is disposed within the first cylinder inner 

wall 123S. A first cylinder chamber 130S, which sucks a 

refrigerant, compresses a refrigerant, and discharges a 

refrigerant, is formed between the first cylinder inner wall 123S 

and the first piston 125S. A circular second cylinder inner wall 

123T is formed in the second cylinder 121T concentric to the 

rotation shaft 15 of the motor 11. An annular second piston 125T 

of which an outer diameter is smaller than an inner diameter of 

the second cylinder 121T is disposed within the second cylinder
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 20
16 inner wall 123T. A second cylinder chamber 130T, which sucks the 

refrigerant, compresses the refrigerant, and discharges the 

refrigerant, is formed between the second cylinder inner wall 123T 

and the second piston 125T.

The first vane groove 128S is formed in the first cylinder 

121S over an entire region of a cylinder height in a radial direction 

from the first cylinder inner wall 123S. A planar first vane 127S 

is slidably fitted into the first vane groove 128S. The second 

vane groove 128T is formed in the second cylinder 121T over an entire 

region of a cylinder height in a radial direction from the second 

cylinder inner wall 123T. A planar second vane 127T is slidably 

fitted into the second vane groove 128T.

As illustrated in Fig. 2, a first spring bore 124S is formed 

on an outside of the first vane groove 128S in the radial direction 

so as to communicate with the first vane groove 128S from an outer 

periphery of the first side-flared portion 122S. A first vane 

spring (not illustrated) , which presses a rear surface of the first 

vane 127S, is inserted into the first spring bore 124S. A second 

spring bore 124T is formed on an outside of the second vane groove 

128T in the radial direction so as to communicate with the second 

vane groove 128T from an outer periphery of the second side-flared 

portion 122T. A second vane spring (not illustrated), which 

presses a rear surface of the second vane 127T, is inserted into 

the second spring bore 124T.

When the rotary compressor 1 is started, the first vane 127S
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16 protrudes from the inside of the first vane groove 128S to the inside 

of the first cylinder chamber 130S by a repulsive force of the first 

vane spring and a distal end thereof abuts against an outer 

peripheral surface of the annular first piston 125S. As a result, 

the first cylinder chamber 130S is partitioned to a first inlet 

chamber 131S and a first compression chamber 133S by the first vane 

127S. In addition, similarly, the second vane 127T protrudes from 

the inside of the second vane groove 128T to the inside of the second 

cylinder chamber 130T by a repulsive force of the second vane spring 

and a distal end thereof abuts against an outer peripheral surface 

of the annular second piston 125T . As a result, the second cylinder 

chamber 130T is partitioned to a second inlet chamber 131T and a 

second compression chamber 133T by the second vane 127T.

In addition, an outside of the first vane groove 128S in the 

radial direction communicates with the inside of the compressor 

housing 10 via an opening portion R (see Fig. 1) and thereby a 

compressed refrigerant within the compressor housing 10 is 

introduced into the first cylinder 121S. In this case, a first 

pressure guiding-in path 129S applying a back pressure by a pressure 

of the refrigerant is formed in the first vane 127S. Moreover, 

the compressed refrigerant within the compressor housing 10 is also 

introduced from the first spring bore 124S. In addition, an 

outside of the second vane groove 128T in the radial direction 

communicates with the inside of the compressor housing 10 via the 

opening portion R (see Fig. 1) and thereby a compressed refrigerant
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 20
16 within the compressor housing 10 is introduced into the second 

cylinder 1211. In this case, a second pressure guiding-in path 

129T applying a back pressure by the pressure of the refrigerant 

is formed in the second vane 127T. Moreover, the compressed 

refrigerant within the compressor housing 10 is also introduced 

from the second spring bore 124T.

For a purpose of sucking the refrigerant from the outside 

to the first inlet chamber 131S, the first inlet hole 135S that 

causes the first inlet chamber 131S to communicate with the outside 

is provided in the first side-flared portion 122S of the first 

cylinder 121S. For a purpose of sucking the refrigerant from the 

outside to the second inlet chamber 131T, the second inlet hole 

135T that causes the second inlet chamber 131T to communicate with 

the outside is provided in the second side-flared portion 122T of 

the second cylinder 121T. A cross-section of each of the first 

inlet hole 135S and the second inlet hole 135T is circular.

In addition, as illustrated in Fig. 1, an intermediate 

partition plate 140 is disposed between the first cylinder 121S 

and the second cylinder 1211 and partitions the first cylinder 

chamber 130S (see Fig. 2) of the first cylinder 121S and the second 

cylinder chamber 1301 (see Fig. 2) of the second cylinder 1211. 

The intermediate partition plate 140 closes the upper end of the 

first cylinder 121S and the lower end of the second cylinder 1211.

A lower end plate 160S is disposed in a lower end portion 

of the first cylinder 121S and closes the first cylinder chamber
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 20
16 130S of the first cylinder 121S. In addition, an upper end plate 

160T is disposed in an upper end portion of the second cylinder 

121T and closes the second cylinder chamber 130T of the second 

cylinder 121T. The lower end plate 160S closes a lower end portion 

of the first cylinder 121S and the upper end plate 160T closes an 

upper end portion of the second cylinder 121T.

A sub-bearing unit 161S is formed on the lower end plate 160S 

and a sub-shaft unit 151 of the rotation shaft 15 is rotatably 

supported in the sub-bearing unit 161S. A main-bearing unit 161T 

is formed on the upper end plate 160T and a main-shaft unit 153 

of the rotation shaft 15 is rotatably supported in the main-bearing 

unit 161T.

The rotation shaft 15 includes a first eccentric portion 152S 

and a second eccentric portion 152T which are eccentric by 180° 

phase shift from each other. The first eccentric portion 152S is 

rotatably fit in the first piston 125S of the first compressing 

unit 12S. The second eccentric portion 152T is rotatably fit in 

the second piston 125T of the second compressing unit 12T.

If the rotation shaft 15 is rotated, the first piston 125S 

revolves in the counterclockwise direction of Fig. 2 within the 

first cylinder 121S along the first cylinder inner wall 123S and, 

accordingly, the first vane 127S reciprocates. Volumes of the 

first inlet chamber 131S and the first compression chamber 133S 

are continuously changed by the movement of the first piston 125S 

and the first vane 127S. The compressing unit 12 continuously
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 20
16 sucks, compresses, and discharges the refrigerant. In addition, 

if the rotation shaft 15 is rotated, the second piston 125T revolves 

in the counterclockwise direction of Fig. 2 within the second 

cylinder 121T along the second cylinder inner wall 123T and, 

accordingly, the second vane 127T reciprocates. Volumes of the 

second inlet chamber 131T and the second compression chamber 133T 

are continuously changed by the movement of the second piston 125T 

and the second vane 127T. The compressing unit 12 continuously 

sucks, compresses, and discharges the refrigerant.

As illustrated in Fig. 1, a lower end plate cover 170S is 

disposed on the lower side of the lower end plate 160S and a lower 

muffler chamber 180S is formed between the lower end plate 160S 

and the lower end plate cover 170S. Then, the first compressing 

unit 12S opens to the lower muffler chamber 180S. That is, a first 

outlet 190S (see Fig. 2) through which the first compression chamber 

133S of the first cylinder 121S communicates with the lower muffler 

chamber 180S is provided in the vicinity of the first vane 127S 

of the lower end plate 160S. In addition, a reed valve type first 

discharge valve 200S which prevents the compressed refrigerant from 

flowing backward is disposed in the first outlet 190S.

The lower muffler chamber 180S is a single chamber . The lower 

muffler chamber 180S is a part of a communication path through which 

a discharge side of the first compressing unit 12S communicates 

with the inside of the upper muffler chamber 180T by passing through 

a refrigerant path hole 136 (see Fig. 2) which penetrates the lower
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 20
16 end plate 160S, the first cylinder 121S, the intermediate partition 

plate 140, the second cylinder 1211, and the upper end plate 1601. 

lhe lower muffler chamber 180S reduces the pressure pulsation of 

the discharge refrigerant discharged from the first cylinder 

chamber 130S. In addition, a first discharge valve cover 201S 

which controls an amount of flexural valve opening of the first 

discharge valve 200S is stacked on the first discharge valve 200S 

and is fixed to the first discharge valve 200S using a rivet. The 

first outlet 190S, the first discharge valve 200S, and the first 

discharge valve cover 201S configure a first discharge valve unit 

200SV of the lower endplate 160S. The lower endplate 160S covers 

the lower ends of the first discharge valve unit 200SV and the 

refrigerant path hole 136.

As illustrated in Fig. 1, an upper end plate cover 1701 is 

disposed on the upper side of the upper end plate 1601 and an upper 

muffler chamber 1801 is formed between the upper end plate 1601 

and the upper end plate cover 1701. A second outlet 1901 (see Fig. 

2) through which the second compression chamber 1331 of the second 

cylinder 1211 communicates with the upper muffler chamber 1801 is 

provided in the vicinity of the second vane 127T of the upper end 

plate 1601. A reed valve type second discharge valve 2001 which 

prevents the compressed refrigerant from flowing backward is 

disposed in the second outlet 1901. In addition, a second 

discharge valve cover 201T which controls an amount of flexural 

valve opening of the second discharge valve 2001 is stacked on the
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 20
16 second discharge valve 200T and is fixed using a rivet with the 

second discharge valve 200T . The upper muffler chamber 180T causes 

the pressure pulsation of the discharge refrigerant discharged from 

the second cylinder chamber 130T to be reduced. The second outlet 

190T, the second discharge valve 200T, and the second discharge 

valve cover 201T configure a second discharge valve unit 200TV of 

the upper endplate 160T. The upper endplate 160T covers the upper 

ends of the second discharge valve unit 200TV and the refrigerant 

path hole 136 (details of the upper end plate cover 170T and the 

upper muffler chamber 180T will be described later) .

The lower end plate cover 170S, the lower end plate 160S, 

the first cylinder 121S, and the intermediate partition plate 140 

are inserted from the lower side and are fastened to the second 

cylinder 121T by a plurality (four or more) of penetrating bolts 

175 that are screwed into female screws provided in the second 

cylinder 121T. The upper end plate cover 170T and the upper end 

plate 160T are inserted from the upper side and are fastened to 

the second cylinder 121T by the penetrating bolts 175 that are 

screwed into female screws provided in the second cylinder 121T. 

The lower end plate cover 170S, the lower end plate 160S, the first 

cylinder 121S, the intermediate partition plate 140, the second 

cylinder 121T, the upper end plate 160T, and the upper end plate 

cover 170T, which are integrally fastened by the plurality of 

penetrating bolts 175 and the like, configure the compressing unit 

12. The outer periphery of the upper end plate 160T in the
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 20
16 compressing unit 12 is joined to the inner peripheral surface of 

the compressor housing 10 by spot welding and the compressing unit 

12 is fixed to the compressor housing 10.

First and second through holes 101 and 102 are provided in 

an outer periphery wall of the cylindrical compressor housing 10 

at an interval in an axial direction in this order from a lower 

section thereof so as to communicate with first and second inlet 

pipes 104 and 105, respectively. In addition, outside the 

compressor housing 10, an accumulator 25 which is formed of a 

separate airtight cylindrical container is held by an accumulator 

holder 252 and an accumulator band 253.

A system connecting pipe 255 which is connected to an 

evaporator in a refrigerant circuit is connected at the center of 

the top portion of the accumulator 25. A first low-pressure 

communication tube 31S and a second low-pressure communication tube 

31T are fixed to a bottom through hole 257 that is provided in a 

bottom portion of the accumulator 25. One ends of the first 

low-pressure communication tube 31S and the second low-pressure 

communication tube 31T are extended to an upper side on an inside 

of the accumulator 25. The other ends thereof are respectively 

connected to the other ends of the first inlet pipe 104 and the 

second inlet pipe 105.

The first low-pressure communication tube 31S, which guides 

a low-pressure refrigerant of the refrigerant circuit to the first 

compressing unit 12S via the accumulator 25, is connected to the
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 20
16 first inlet hole 135S (see Fig. 2) of the first cylinder 121S via 

the first inlet pipe 104 as an inlet unit. In addition, the second 

low-pressure communication tube 31T, which guides the low-pressure 

refrigerant of the refrigerant circuit (refrigeration cycle) to 

the second compressing unit 12T via the accumulator 25, is connected 

to the second inlet hole 135T (see Fig. 2) of the second cylinder 

121T via the second inlet pipe 105 as the inlet unit. That is, 

the first inlet hole 135S and the second inlet hole 135T are 

connected to the evaporator of the refrigerant circuit in parallel.

A discharge pipe 107 as a discharge unit, which is connected 

to the refrigerant circuit (refrigeration cycle) and discharges 

a high-pressure refrigerant to a side of a condenser in the 

refrigerant circuit, is connected to the top portion of the 

compressor housing 10. That is, the first and second outlets 190S 

and 190T are connected to the condenser in the refrigerant circuit.

Lubricant oil is sealed in the compressor housing 10 

substantially to a height of the second cylinder 121T. In addition, 

the lubricant oil is sucked up from a lubricating pipe 16 attached 

to the lower end portion of the rotation shaft 15, using a pump 

impeller (not illustrated) which is inserted into the lower section 

of the rotation shaft 15. The lubricant oil circulates through 

the compressing unit 12, lubricates sliding components (the first 

piston 125S and the second piston 125T), and seals a fine gap in 

the compressing unit 12.

Next, characteristic configurations of the rotary compressor
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 20
16 1 of Example 1 will be described with reference to Figs. 3 and 4. 

Fig. 3 is a plan view of an upper end plate cover of Example 1 when 

viewed from below. Fig. 4 is a plan view of a positional 

relationship between the upper end plate cover, the discharge valve 

unit, and the refrigerant path hole when viewed below the upper 

end plate cover.

As illustrated in Figs. 3 and 4, the upper end plate cover 

170T of Example 1 is formed in a circular shape viewed in a plan 

view by press molding of steel plate and has a recessed portion 

171T that is an outer shell of the upper muffler chamber 180T. Five 

bolt holes 173T through which the penetrating bolts 175 pass are 

disposed in a flat plate portion 172T configuring an outer edge 

of the upper end plate cover 170T. The upper end plate cover 170T, 

the upper end plate 160T, and the second cylinder 121T are fastened 

by five penetrating bolts 175.

The upper end plate cover 170T covers the upper ends of the 

second discharge valve unit 200TV and the refrigerant path hole 

136 of the upper end plate 160T (see Fig. 4) , and the upper muffler 

chamber 180T is formed between the upper end plate cover 170T and 

the upper end plate 160T. On a plane orthogonal to the rotation 

shaft 15, the upper muffler chamber 180T has five (plurality) flared 

portions 181T which are radially flared between the penetrating 

bolts 175 (bolt holes 173T) from the center of the rotation shaft 

15; and five small-diameter portions 182T, which connect between 

the flared portions 181T respectively, are apart from the
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 20
16 penetrating bolts 175 so as not to interfere with the penetrating 

bolts 175 (bolt holes 173T), and are formed on the center side of 

the rotation shaft 15 from the penetrating bolts 175.

A muffler outlet 183T is provided in each of the five flared 

portions 181T. The muffler outlet 183T causes the upper muffler 

chamber 180T to communicate with the inside of the compressor 

housing 10.

As illustrated in Fig. 4, the second outlet 190T configuring 

the second discharge valve unit 200TV and the refrigerant path hole 

136 through which the lower muffler chamber 180S communicates with 

the upper muffler chamber 180T are opened toward the flared portion 

181T of the upper muffler chamber 180T. The second outlet 190T 

and the refrigerant path hole 136 are disposed in positions on sides 

which are opposite to each other with respect to the rotation shaft 

15. Moreover, a total opening area of five muffler outlets 183T 

is equal to or less than a total opening area of the first and second 

outlets 190S and 190T so as to reduce the pressure pulsation of 

the discharge refrigerant by filling the upper muffler chamber 180T 

with the discharge refrigerant discharged from the first and second 

outlets 190S and 190T.

In the rotary compressor 1 of Example 1, on the plane 

orthogonal to the rotation shaft 15, the upper muffler chamber 180T 

has a plurality of flared portions 181T which are radially flared 

between the penetrating bolts 175 (bolt holes 173T) from the center 

of the rotation shaft 15; and a plurality of small-diameter portions
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16 182T, which connect between the flared portions 181T respectively, 

are apart from the penetrating bolts 175 so as not to interfere 

with the penetrating bolts 175 (bolt holes 173T), and are formed 

on the center side of the rotation shaft 15 from the penetrating 

bolts 175.

The muffler outlet 183T is provided in each of the plurality 

of flared portions 181T. The second outlet 190T of the second 

discharge valve unit 200TV of the upper end plate 160T and the 

refrigerant path hole 136 which are opened on the inside of the 

upper muffler chamber 180T are disposed in the flared portions 181T 

on sides which are opposite to each other with respect to the 

rotation shaft 15 . Therefore, the refrigerant discharged from the 

second outlet 190T is discharged from the muffler outlet 183T 

disposed on the second outlet 190T side to the inside of the 

compressor housing 10. The refrigerant discharged from the 

refrigerant path hole 136 is discharged from the muffler outlet 

183T disposed on the refrigerant path hole 136 side to the inside 

of the compressor housing 10.

Therefore, the refrigerant that is compressed by the second 

compressing unit 12T and the refrigerant having different pulsation 

component, which is compressed by the first compressing unit 12S, 

of which the pressure pulsation is reduced by the lower muffler 

chamber 180S and the refrigerant path hole 136 are unlikely to be 

merged on the inside of the upper muffler chamber 180T. Therefore, 

it is suppressed that the pressure pulsation of the refrigerant
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 20
16 is amplified and it is possible to suppress an increase in noise 

caused by the amplification of the pressure pulsation.

Fig. 5 is a graph in which noise of the rotary compressor 

using the upper end plate cover of Example 1 and noise of a rotary 

compressor of related art are compared. Fig. 5 illustrates a noise 

level [dB(A)] (vertical axis) for each 1/3 octave frequency band 

measured through a band-pass filter of 1/3 octave as defined in 

JIS standard in a center frequency of 100 [Hz] to 20000 [Hz] 

(horizontal axis) . A value of O.A. of the horizontal axis is a 

total value (overall value) that is obtained by summing the noise 

level for each 1/3 octave frequency band in an amount of energy. 

As illustrated in Fig. 5, the rotary compressor 1 of Example 1 could 

reduce the noise level more than the rotary compressor of the 

related art in 1/3 octave frequency of 800 Hz to 2500 Hz, 5000 Hz 

to 20000 Hz, and overall values.

Example 2

Fig. 6 is a plan view of an upper end plate cover of Example 

2 when viewed from below. As illustrated in Fig. 6, an upper end 

plate cover 170T2 of Example 2 is formed in a circular shape viewed 

in a plan view by press molding of steel plate and has a recessed 

portion 171T2 that is an outer shell of an upper muffler chamber 

180T2. Five bolt holes 173T2 through which penetrating bolts 175 

pass are disposed in a flat plate portion 172T2 configuring an outer 

edge of the upper end plate cover 170T2 . The upper end plate cover
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 20
16 170T2, an upper end plate 160T, and a second cylinder 121T are 

fastened by five penetrating bolts.

The upper end plate cover 170T2 of Example 2 covers the upper 

ends of the second discharge valve unit 200TV and the refrigerant 

path hole 136 of the upper end plate 160T (see Fig. 4), and the 

upper muffler chamber 180T2 is formed between the upper end plate 

cover 170T2 and the upper end plate 160T. On a plane orthogonal 

to a rotation shaft 15, the upper muffler chamber 180T2 has two 

flared portions 181T2 which are radially flared between the 

penetrating bolts 175 (bolt holes 173T2) from the center of the 

rotation shaft 15; and five smal1-diameter portions 182T2, which 

connect between the flared portions 181T2 respectively, are apart 

from the penetrating bolts 175 so as not to interfere with the 

penetrating bolts 175 (bolt holes 173T2), and are formed on the 

center side of the rotation shaft 15 from the penetrating bolts 

175 .

A muffler outlet 183T2 is provided in each of the two flared 

portions 181T2. The muffler outlet 183T2 causes the upper muffler 

chamber 180T2 to communicate with the inside of the compressor 

housing 10.

The second outlet 190T (see Fig. 4) configuring a second 

discharge valve unit 200TV and the refrigerant path hole 136 (see 

Fig. 4) through which the lower muffler chamber (not illustrated) 

communicates with the upper muffler chamber 180T2 are opened toward 

the flared portion 181T2 of the upper muffler chamber 180T2. The
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16 second outlet 190T and the refrigerant path hole 136 are disposed 

in positions on sides which are opposite to each other with respect 

to the rotation shaft 15. Moreover, a total opening area of two 

muffler outlets 183T2 is equal to or less than a total opening area 

of the first and second outlets 190S and 190T so as to reduce the 

pressure pulsation of the discharge refrigerant by filling the 

upper muffler chamber 180T2 with the discharge refrigerant 

discharged from the first and second outlets 190S and 190T.

In the rotary compressor of Example 2, on the plane orthogonal 

to the rotation shaft 15, the upper muffler chamber 180T2 has a 

plurality (two) of flared portions 181T2 which are radially flared 

between the penetrating bolts 175 (bolt holes 173T2) from the center 

of the rotation shaft 15; and a plurality (two) of small-diameter 

portions 182T2, which connect between the flared portions 181T2 

respectively, are apart from the penetrating bolts 175 so as not 

to interfere with the penetrating bolts 175 (bolt holes 173T2), 

and are formed on the center side of the rotation shaft 15 from 

the penetrating bolts 175. The muffler outlet 183T2 is provided 

in each of the plurality (two) of flared portions 181T2. The 

muffler outlet 183T2 is provided in each of the plurality (two) 

of flared portions 181T2. The second outlet 190T of the second 

discharge valve unit 200TV of the upper end plate 160T and the 

refrigerant path hole 136 which are opened on the inside of the 

upper muffler chamber 180T2 are disposed in the flared portions 

181T2 on sides which are opposite to each other with respect to
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16 the rotation shaft 15. Therefore, the refrigerant discharged from 

the second outlet 190T is discharged from the muffler outlet 183T2 

disposed on the second outlet 190T side to the inside of the 

compressor housing 10. The refrigerant discharged from the 

refrigerant path hole 136 is discharged from the muffler outlet 

183T2 disposed on the refrigerant path hole 136 side to the inside 

of the compressor housing 10.

A length of the small-diameter portion 182T2 of Example 2 

in a circumferential direction is longer than that of the 

small-diameter portions 182T of Example 1. Therefore, the 

refrigerant that is compressed by the second compressing unit 12T 

and the refrigerant having different pulsation component, which 

is compressed by the first compressing unit 12S, of which the 

pressure pulsation is reduced by the lower muffler chamber and the 

refrigerant path hole 136 are further unlikely to be merged on the 

inside of the upper muffler chamber 180T2 than the upper muffler 

chamber 180T of Example 1. The pressure pulsation of the 

refrigerant is unlikely to be amplified. Therefore, it is possible 

to suppress noise caused by the discharge of the refrigerant equal 

to or more greatly than the noise suppression effect in the rotary 

compressor 1 of Example 1 illustrated in Fig. 5.

Example 3

Fig. 7 is a perspective view of an upper end plate cover of 

Example 3. Fig. 8 is an exploded perspective view illustrating
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16 the upper end plate cover of Example 3. Fig. 9 is a plan view of 

the upper end plate cover of Example 3 when viewed from above . Fig. 

10 is a plan view of a positional relationship between a muffler 

outlet, a second outlet, and a refrigerant path hole of the upper 

end plate cover of Example 3 when viewed from below the upper end 

plate cover.

The rotary compressor of Example 3 includes, as illustrated 

in Figs. 7 and 8, an upper end plate 160T3 closing an upper side 

of a second cylinder 121T and an upper end plate cover 170T3 forming 

an upper muffler chamber 180T3 between the upper end plate cover 

170T3 and the upper end plate 160T3. In addition, the rotary 

compressor of Example 3 includes a second outlet 190T which is 

provided in the upper end plate 160T3 and communicates with the 

second compression chamber 133T, and a refrigerant path hole 136N 

(see Figs. 1 and 8) passing through a lower end plate 160S, a first 

cylinder 121S, an intermediate partition plate 140, the upper end 

plate 160T3, and a second cylinder chamber 130T. In addition, the 

rotary compressor of Example 3 includes a plurality of bolt holes 

173T3 which pass through the upper end plate cover 170T3 and are 

provided on a circle substantially concentric to the outer edge 

of the upper end plate cover 170T3; and the penetrating bolts 175 

(see Fig. 1) which are inserted into the bolt holes 173T3 from the 

upper end plate cover 170T3 side and fasten the upper end plate 

cover 170T3 to the second cylinder 1211.

The upper end plate cover 170T3 has a muffler outlets 183T3
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16 communicating with the inside of the compressor housing 10 and forms 

the upper muffler chamber 180T3 by covering openings of the second 

outlet 190T and the refrigerant path hole 136N of the upper end 

plate 160T3.

As illustrated in Figs. 7, 8, and 9, on a plane orthogonal 

to the rotation shaft 15, the upper muffler chamber 180T3 of the 

upper endplate cover 170T3 has a plurality of flared portions 181T3 

which are radially flared between the penetrating bolts 175 from 

the center 0 of the rotation shaft 15; and a plurality of 

small-diameter portions 182T3, which connect between the flared 

portions 181T3 respectively, are apart from the penetrating bolts 

175 (bolt hole 173T3), and are formed on the center 0 side of the 

rotation shaft 15 from the penetrating bolts 175.

The muffler outlets 183T3 are respectively provided in the 

flared portions 181T3. The muffler outlets 183T3 are disposed in 

the vicinity of an inner wall of the upper end plate cover 170T3 

on the outer periphery side on the inside of the flared portion 

181T3 .

On the plane orthogonal to the rotation shaft 15, the second 

outlet 190T and two refrigerant path holes 136N of the second 

discharge valve unit 200TV of the upper end plate 160T3 are 

positioned on an inside of one flared portion 181T3A of the 

plurality of flared portions 181T3. An opening area of the muffler 

outlet 183T3A (hereinafter, referred to as a main muffler outlet 

183T3A) of one flared portion 181T3A is greater than an opening
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16 area of the muffler outlet 183T3B (hereinafter, referred to as a 

sub-muffler outlet 183T3B) of each of other flared port ions 181T3B.

The main muffler outlet 183T3A is formed such that, for 

example, a diameter thereof is greater than a diameter of the 

sub-muffler outlet 183T3B substantially by two times . In addition 

the diameter of the sub-muffler outlet 183T3B in Example 3 is formed 

smaller than the diameters of the muffler outlets 183T and 183T2 

in Examples 1 and 2, for example, substantially by 25% . In addition 

in each of Examples 1 to 3, for example, total opening areas of 

the muffler outlets 1831, 183T2, and 183T3 are set to be equal 

respectively.

In addition, the upper muffler chamber 180T3 in Example 3 

has one main muffler outlet 183T3A and four sub-muffler outlets 

183T3B, but the number of the sub-muffler outlets 183T3B is not 

limited to that in the example.

As illustrated in Fig. 10, two refrigerant path holes 136N 

are circular holes. On the plane orthogonal to the rotation shaft 

15, the two refrigerant path holes 136N are disposed adjacent to 

each other on the outer periphery side of the upper end plate cover 

170T3 with respect to the positions of the main muffler outlet 

183T3A and the second outlet 1901. At least a part of each of the 

two refrigerant path holes 136N is stacked on the outside of an 

inner wall surface of one flared portion 181T3A and the two 

refrigerant path holes 136N are disposed in positions which open 

to the inside of the flared portion 181T3A. In addition, a total
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16 opening area of the two refrigerant path holes 136N is set to be 

equal to the opening area of the refrigerant path hole 136 of the 

rotary compressor 1 of Example 1. As described above, a size 

occupied by the refrigerant path hole 136N with respect to the 

rotation shaft 15 (main-bearing unit 161T) in the radial direction 

is relatively reduced by being divided into the two refrigerant 

path holes 136N. Therefore, a radius from the center of the 

rotation shaft 15 to the outermost periphery of the refrigerant 

path hole 136N can be smaller than a radius from the center of the 

main-bearing unit 161T of the rotary compressor 1 of Example 1 to 

the outermost periphery of the refrigerant path hole 136 . A space, 

in which the second discharge valve unit 200TV of the upper end 

plate 160T3 is disposed, can be reduced with respect to the upper 

end plate 160T3 in the radial direction. Moreover, the number of 

the refrigerant path holes 136N may be three or more.

As in Example 3, in a case of a configuration in which the 

refrigerant path holes 136N and the second outlet 190T are disposed 

in one flared portion 181T3 of the upper muffler chamber 180T3, 

a discharge amount of the discharge refrigerant intensively 

discharged to the inside of the one flared portion 181T3 is 

increased. Therefore, it is difficult to sufficiently discharge 

the discharge refrigerant from the muffler outlet 183T3 of the one 

flared portion 181T3. In the case of the configuration, the 

discharge refrigerant which is not discharged from the muffler 

outlet 183T3 among the discharge refrigerant discharged to the one
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16 flared portion 180T3 flows into another flared portion 181T3 and 

is discharged from each of the muffler outlets 183T3 of flared 

portions 181T3. However, since distances from the one flared 

portion 181T3 to the muffler outlets 183T3 of the other flared 

portions 181T3 are different respectively, frequency components 

of noise caused by the discharge of the refrigerant from the muffler 

outlets 183T3 of flared portions 181T3 are different from each other. 

Therefore, different frequency components of noise generated in 

each muffler outlet 183T3 are mixed and thereby there is a concern 

that it leads to a decrease in the effect of noise reduction.

Then, in Example 3, as described above, the opening area of 

the main muffler outlet 183T3A of the one flared portion 181T3A 

in which the refrigerant path holes 136N and the second outlet 190T 

are disposed is greater than the opening area of the sub-muffler 

outlet 183T3B of each of other flared portions 181T3B. Therefore, 

discharge property of the main muffler outlet 183T3A is properly 

raised and the discharge amount of the refrigerant from the 

sub-muffler outlet 183T3B of each of the other flared portions 

181T3B is properly suppressed.

In addition, the opening area of the main muffler outlet 

183T3A of the one flared portion 181T3A is equal to or greater than 

the opening area of the second outlet 190T of the upper end plate 

160T3. Therefore, the discharge refrigerant discharged from the 

second outlet 190T and the refrigerant path holes 136N smoothly 

passes through the main muffler outlet 183T3A and is discharged
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16 to the inside of the compressor housing 10. Therefore, the flow 

rate of the discharge refrigerant flowing from the flared portion 

181T3A to the sub-muffler outlets 183T3B of the other flared 

portions 181T3B is properly suppressed and the component of the 

pressure pulsation can be sufficiently reduced. Therefore, it is 

possible to further increase the effect of noise reduction.

In addition, the total opening area of the muffler outlets 

183T3 (183T3A and 183T3B) provided in each of the plurality of 

flared portions 181T3 (181T3A and 181T3B) is equal to or less than 

the total opening area of each of the first outlet 190S of the lower 

end plate 160S and the second outlet 190T of the upper end plate 

160T3. Therefore, it is possible to reduce the pressure pulsation 

of the discharge refrigerant by properly filling the inside of the 

upper muffler chamber 180T3 with the refrigerant discharged from 

the first and second outlets 190S and 190T to the inside of the 

upper muffler chamber 180T3.

Fig. 11 is a graph in which noise of the rotary compressor 

using the upper end plate cover 170T3 of Example 3 and noise of 

the rotary compressor of the related art are compared. In Fig. 

11, a vertical axis indicates a noise level [dB(A) ] and a horizontal 

axis indicates 1/3 octave frequency. As illustrated in Fig. 11, 

the noise level of the rotary compressor of Example 3 was smaller 

than the noise level of a rotary compressor of the related art in 

1/3 octave frequency of a band of 800 Hz to 1250 Hz. Moreover, 

Fig. 11 illustrates a measured result that has been measured using
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16 a rotary compressor different from the rotary compressor of the 

related art in Fig. 5 as a rotary compressor of the related art.

As described above, according to Example 3, in a case where 

the second outlet 190T and the refrigerant path holes 136N of the 

upper end plate 160T3 are positioned in the one flared portion 

181T3A among the plurality of flared portions 181T3 included in 

the upper muffler chamber 180T3, the opening area of the main 

muffler outlet 183T3A of the one flared portion 181T3A is greater 

than the opening area of the sub-muffler outlet 183T3B of each of 

the other flared portions 181T3B. Therefore, the refrigerant 

discharged to the flared portion 181T3A can be smoothly discharged 

from the main muffler outlet 183T3A and can also be properly 

discharged from each of the sub-muffler outlets 183T3B of the other 

flared portions. Therefore, in Example 3, it is possible to 

suppress noise caused by the discharge of the refrigerant from the 

upper muffler chamber 180T3.

In Example 3 illustrated in Fig. 10, two refrigerant path 

holes 136N are provided, but the number and the opening shape of 

the refrigerant path holes are not limited to those in the example. 

Fig. 12 is a plan view of an upper end plate cover of a modification 

example of Example 3 when viewed from below. Fig. 13 is a plan 

view of an upper end plate cover of another modification example 

of Example 3 when viewed from below. In the modification examples 

of Example 3, the same reference numerals as those in Example 3 

are given to the same configuration members as those in Example
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16 3 and the description will be omitted.

As illustrated in Fig. 12, a long hole-shaped refrigerant 

path hole 136M is a long hole of which a long diameter is along 

a circumferential direction of a second outlet 190T. opening area 

of the refrigerant path hole 136M is set to be equal to an opening 

area of the refrigerant path hole 136 of the rotary compressor 1 

of Example 1. Therefore, similar to Example 3, a radius from a 

center of a main-bearing unit 161T to the outermost periphery of 

the refrigerant path hole 136M can be made smaller than that of 

Example 1 and a space in which a second discharge valve unit 200TV 

of an upper end plate 160T3 is disposed can be reduced in a radial 

direction of the upper end plate 160T3. Moreover, also in Example 

3, as illustrated in Fig. 13, a configuration having one refrigerant 

path hole 136P may be provided.

The examples have been described above, but the examples are 

not limited by the contents described above. In addition, those 

substantially identical, so-called equivalents are included in the 

constituent elements described above. Furthermore, the 

constituent elements described above can be appropriately combined. 

Furthermore, at least one of various omission, substitutions, and 

changes of the constituent elements can be performed without 

departing from the scope of the examples.

Throughout this specification and the claims which 

follow, unless the context requires otherwise, the word 

"comprise", and variations such as "comprises" and
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16 "comprising", will be understood to imply the inclusion of a 

stated integer or step or group of integers or steps but not 

the exclusion of any other integer or step or group of integers 

or steps .

The reference in this specification to any prior 

publication (or information derived from it) , or to any matter 

which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that that 

prior publication (or information derived from it) or known 

matter forms part of the common general knowledge in the field 

of endeavor to which this specification relates.
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16 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A rotary compressor comprising:

a vertically-positioned cylindrical compressor housing that 

is closed by providing a discharge unit of a refrigerant in an upper 

section thereof and providing an inlet unit of the refrigerant in 

a lower section thereof;

a compressing unit that is disposed in the lower section of 

the compressor housing and that compresses the refrigerant sucked 

in via the inlet unit and discharges the refrigerant from the 

discharge unit; and

a motor that is disposed in the upper section of the compressor 

housing and drives the compressing unit;

wherein the compressing unit includes

an annular first cylinder and a second cylinder,

a lower end plate that closes a lower side of the first 

cylinder,

an upper end plate that closes an upper side of the second 

cylinder,

an intermediate partition plate that is disposed between the 

first cylinder and the second cylinder, and closes the upper side 

of the first cylinder and the lower side of the second cylinder, 

a rotation shaft that is rotated by the motor,

a first eccentric portion and a second eccentric portion that 

are provided with a phase difference of 180 degrees from each other
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16 on the rotation shaft,

a first piston that is fitted into the first eccentric portion, 

revolves along a first cylinder inner wall of the first cylinder, 

and forms a first cylinder chamber between the first piston and 

the first cylinder inner wall,

a second piston that is fitted into the second eccentric 

portion, revolves along a second cylinder inner wall of the second 

cylinder, and forms a second cylinder chamber between the second 

piston and the second cylinder inner wall,

a first vane that protrudes from a first vane groove provided 

in the first cylinder into the first cylinder chamber and abuts 

against the first piston, thereby partitioning the first cylinder 

chamber into a first inlet chamber and a first compression chamber,

a second vane that protrudes from a second vane groove 

provided in the second cylinder into the second cylinder chamber 

and abuts against the second piston, thereby partitioning the 

second cylinder chamber into a second inlet chamber and a second 

compression chamber,

a first outlet that is provided in the lower end plate and 

communicates with the first compression chamber,

a second outlet that is provided in the upper end plate and 

communicates with the second compression chamber,

a refrigerant path hole that passes through the lower end 

plate, the first cylinder, the intermediate partition plate, the 

upper end plate, and the second cylinder,
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16 an upper end plate cover that has a muffler outlet 

communicating with an inside of the compressor housing and forms 

an upper muffler chamber between the upper end plate cover and the 

upper end plate by covering the second outlet of the upper end plate 

and an upper end of the refrigerant path hole,

a lower end plate cover that covers a discharge valve unit 

of the lower end plate and a lower end of the refrigerant path hole,

a plurality of bolt holes that pass through the upper end 

plate cover and are provided on a circle substantially concentric 

to an outer edge of the upper end plate cover, and

penetrating bolts that are inserted into the bolt holes from 

the upper end plate cover side and fasten the upper end plate cover 

to the second cylinder,

wherein on a plane orthogonal to the rotation shaft, the upper 

muffler chamber has a plurality of flared portions that are flared 

from a center of the rotation shaft toward between the penetrating 

bolts and a plurality of small-diameter portions that connect 

between the flared portions, are apart from the penetrating bolts, 

and are formed on a center side of the rotation shaft from the 

penetrating bolts,

wherein the muffler outlet is provided in each flared portion, 

and

wherein the second outlet and the refrigerant path hole of 

the upper end plate are positioned on an inside of one of the 

plurality of flared portions, and an opening area of the muffler
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16 outlet of the one flared portion is greater than an opening area 

of the muffler outlet of each of the other flared portions.

2. The rotary compressor according to claim 1,

wherein the opening area of the muffler outlet of the one 

flared portion is equal to or greater than an opening area of the 

second outlet of the upper end plate.

3. The rotary compressor according to claim 1,

wherein a total opening area of the muffler outlet provided 

in each of the plurality of flared portions is equal to or less 

than a total opening area of each of the first outlet of the lower 

end plate and the second outlet of the upper end plate.
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