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ABSTRACT

A rotary compressor (1} includes an oiling mechanism
(159) that contains a vertical fitting hole (155b) formed
on a countershaft portion (151) in the lower part of the
rotating shaft (15), and an oil pipe (16) having an inlet
port {1l6a) at the lower end and an opening at the uﬁper end.
The upper part of the oil pipe is press-fitted into the
vertical fitting hole (155b). The oiling mechanism further
contalns a pump vane (157) having a vane portion (157a) and
a base portion (157b). The vane portion is twisting
processed and inserted into the vertical oil hole (155) to

provide a space. The base portion is fixed into the lower
part of the oil pipe that has an inner diameter (¢D;)

smaller than the width thereof (H;).
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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:-

P/00/011
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The present invention relates to a rotary compressor used in an air-conditioning
unit and a refhigerating maching.

Conventionally, there 13 disclosed a rotary compressor including a hollow

o

compressor housing having a refrigerant inlet and a refiigerant outlet, a compressing gnit
that is placed 1n the lower part of the compressor housing and compresses & reftigerant
sucked through the refnigerant inlet, a motor that is placed in the upper part of the
gonspressar housing and drives the compressing it via & rofating shafi, and an oiling
mechanism that supplies lubricating ol retained in the lower part of the compressor
housing to a sliding portion of the compressing unit through an oil hole of the retating
shatt. The otling mechanism includes an housing hole that is formed on g conntershalt
portion of the rotating shaft, bas an opening to the lower end of the countershaft portion,
and is communicated with the oil hole; an oil pipe that bas a lubricating oil hole on the

fower end thersol and the upper end thereof 1s open, and 1s atiached to the housing holeg;
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and a plate~like punnp vane that is housed the housing hole and the ofl pipe, where a wide
portion formed in the longitudinal middle part thereol is firmly fixed oute the ppper ey
o P

-, = 13 3 " 4 : - A et Ny Y T TN
surface of the oil pipe (for exarple, see Japaness Patent Application No, 201 [-032933 )

The witde portion of the pamp vane is press-fitied info the upper inner surface of the
oil pipe, and there is a space bitwaen the other portion of £ the pump vane uther than the wide
portion and the inner surface of the wil pipe. The vpper part of the oil pipe is press-fitted nto

ihe housing hole.

However, according 1o the above-deseribed conventional wehnology, the wide
nottion of the pamp vane is press fitted into the upper inner surface of the oil pipe, and the
apper part of the ofl pipe is press-fitied into the housing hole formed on the countershafl

portion.  Consequently, the above-deseribed conventional technolngy had the following

problem. That is, since the oil pipe, whose diameter was expanded due to the press-{it of the

pump vane, was press-fitted into the housing hole, when the countershalt portion was thin, the
conniershaft portion became deformed and its diameter got expanded, which brought about an

increase in stiding resistance of the rotatiog shafl.

Preferred cmbodiments of the present invention have been maade tn view of the above,
Preferred emphodinents of the present invention seek to provide a rotary compressor including
an piling mechardan that is capable of preventing deformation er diameter expansion of a

countershafl portion of & rotating shait,

The present Inventinn provides & rolary compressor comprising:
a hermetically-sealed compressor housing that includes a refiigerant outiel in

w upper part thereo! and & refrigerant fulet in a lower part thereol, and relaing

o~
S

fubricating oil in the lower part there

i
A

a compressing unit that is placed in the fower part of the compressor housing

kY

and compresses a refrigerant sucked through the refrigerant inlet to dischargs the

compressed refrigerant through the refrigerant outlet;
a motor that is placed n the upper part of the compressor housing and includes
avotating shaft connected to the compressing unit to drive the compressing unit via

the rotating shaft, the rotating shait having a vertical oi hole and a lateral ot hole for
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oil pipe.

supplying the lubricating oil; and

an oiling mechanism that supplies the lubricating oil to the compressing unit

through the vertical oil hole and the lateral oil hole,

wherein the oiling mechanism comprises:

a vertical fitting hole that is formed on a countershaft portion in a lower
part of the rotating shaft;

an oil pipe that has an inlet port at a lower end and an opening at an
upper end, an upper part thereof being press-fitted into the vertical fitting hole;
and

a pump vane formed of an elongate steel plate, the pump vane
comprising a vane portion and a base portion, the vane portion having a 180°
twisted shape, the base portion arranged at one end of the pump vane and
having a width wider than a width of the vane portion, the vane portion and the
base portion having substantially equal thickness, wherein the width of the
vane portion is smaller than an inner diameter of the oil pipe and an inner
diameter of the vertical oil hole, and the width of the base portion is slightly
wider than the inner diameter of the oil pipe for interference fit, and the pump
vane is arranged in the oil pipe such that the base portion is fixed in a lower
part of the oil pipe and a space is formed between the vane portion and the oil
pipe,
whereby the countershaft portion is not deformed due to the deformation of the

Preferred embodiments of the present invention produce the advantage that

deformation or diameter expansion of a countershaft portion of a rotating shaft is prevented,

and that an increase in sliding resistance of the rotating shaft is also prevented.

The present invention will now be described, by way of non-limiting example only,

with reference to the accompanying drawings, in which:

(8]
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< FIG. 1 is a longitudinal sectional view illustrating a rotary compressor according
2 to an embodiment of the present vention;
\O
—
FIG. 2 is a transverse sectional view of first and second compressing units;
—
—
N
S FIG. 3 is a partial longitudinal sectional view of a rofating shaft according to the
(\] S )
N embodiment;
—
-
(Q\

FIG. 4 is a front view illustrating the shape of 4 pump vane according to the

embodiment before being subjected to twisting process;

FIG. S is a front view illustrating the shape of the pump vane according to the
5

embodiment after being subjected to the twisting process;

FIG. & is a longitudinal sectional view of an oil pipe according to the

emnbodiment; and

FIG. 7 is a longitudinal sectional view illostrating an oiling mechanism according
& & & B

10 the embodiment.

An exemplary embodiment of a rotary compressor according to the present
invention is explained in detail below with reference to accompanying drawings.

Incidentally, the present invention is not limited to the embodiment.

FI1G. 1 1s a longitudinal sectional view illustrating a rotary compressor according
to an embodiment of the present invention. FIG. 2 is a transverse sectional view of first

and second compressing units.

As illustrated in FIG. 1, 8 rotary compressor 1
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according to the embodiment includes a compressing unit 12
and a motor 11. The compressing unit 12 is placed in the
lower part of a hermetically-sealed vertical cylindrical
compressor housing 10. The motor 11 is placed in the upper
part of the compressor housing 10, and drives the
compressing unit 12 via a rotating shaft 15.

A stator 111 of the motor 11 is formed into a
cylindrical shape, and is shrink-fitted onto the inner
circumferential surface of the compressor housing 10. A
rotor 112 of the motor 11 is placed within the c¢ylindrical
stator 111, and is shrink-fitted onto the rotating shaft 15
mechanically connecting the motor 11 and the compressing
unit 12.

The compressing unit 12 includes a first compressing
unit 128 and a second compressing unit 12T. The second
compressing unit 12T is placed on top of the first
compressing unit 125 to be aligned parallel with the first
compressing unit 12S. As illustrated in FIG. 2, the first
and second compressing units 125 and 12T include annular
first and second cylinders 1215 and 121T, respectively.
First and second inlet ports 1358 and 135T and first and
second vane grooves 1285 and 128T are radially formed on
first and second laterally-flared portions 1225 and 122T of
the first and second cylinders 121S and 121T.

As 1llustrated in FIG. 2, the first and second
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cylinders 1218 and 121iT have circular first and second
cylinder inner walls 123S and 123T having the same center
as the rotating shaft 15 of the motor 1i, respectively.
Within the first and second cylinder inner walls 123S and
1237, first and second annular pistons 1255 and 125T having
the outer diameter smaller than the cylinder inner diameter
are placed, respectively. First and secoﬁd operation
chambergs 1308 and 130T, which suck, compress, and discharge
refrigerant gas, are formed between the first and second
cylinder inner walls 123S and 123T and the first and second
aﬂnular pistons 1258 and 125T.

On the first and second cylinders 121S and 121T, the
first and second vane grooveg 1285 and 128T across the
height of the cylinder are formed from the first and second
cylinder inner walls 1238 and 123T in a radial direction.
Plate-1like first and second vanes 1278 and 127T are
slidably fitted into the first and second vane grooves 1288
and 128T, respectively.

Ag illustrated in FIG. 2, first and second spring
holes 1248 and 124T are formed on the back part <f the
first and second vane grooves 1285 and 1287 in a manner to
communicate from the periphery of the first and second
cylinders 1218 and 121T to the first and second vane
groovesg 128S and 128T. Vane springs (not illustrated) for

pressing the back side of the first and second vanes 1278
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and 127T are inserted into the first and second spring
holes 1249 and 124T. When the rotary compressor 1 is
started, the first and second vanes 1278 and 127T are
projected outward from the first and second vane grooves
1285 and 128T into the first and second operation chambers
1308 and 130T by repulsive force of the vane springs, and
the tips of the first and second vanes 1278 and 127T come
in contact with the cuter circumferential surfaces of the
first and second annular pistons 1258 and 125T, and the
first and second operation chambers 1308 and 1307 are
partitioned into first and second sucticn chambers 1315 and
1317 and first and second compression chambers 1338 and
133T by the first and second vanes 1278 and 127T.

| Furthermore, first and second pressure introducing
paths 1298 and 129T are formed in the first and second
cylinders 1218 and 121T. The first and second pressure
introducing paths 1298 and 129T communicate the back part
of the first and second vane grooves 1288 and 128T with the
inslde of the compressor housing 10 through openings R
illustrated in FIG. 1, and introduce the compressed
refrigerant gas in the compressor housing 10 into the first
and second vane grooves 1285 and 128T to apply back
pressure on the first and second vanes 127S and 127T with
pressure of the refrigerant gas.

To suck a refrigerant from the ocutside into the first
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and second suction chambers 1318 and 131T, the first and
second cylinders 1218 and 121T have the first and second
inlet ports 1358 and 135T for communication between the
first and second suction chambers 1318 and 131T and the
outside.

Furthermore, as illustrated in FIG. 1, an intermediate
partition plate 140 is placed between the first cylinder
1218 and the second cylinder 121T to separate and block up
the first operation chamber 1308 of the first c¢ylinder 1218
and the second operation chamber 130T of the second
cylinder 121T. A lower end plate 1608 is placed on the
lower end of the first cylinder 1218, and blocks up the
first 0peration.chamber 1308 of the first cylinder 1218.

An upper end plate 160T is placed on the upper end of the
second cylinder 121T, and blocks up the second operation
chamber 130T of the second cylinder 121T.

A countershaft bearing 1618 ig formed on the lower end

plate 1608, and a countershaft portion 151 of the rotating

"shaft 15 ig rotatably supported by the countershaft bearing

1618. A main shaft bearing 161T is formed on the upper end
plate 160T, and a main shaft portion 153 of the rotating
shaft 15 is rotatably supported by the main shaft bearing
161T.

The rotating shaft 15 includesg a first eccentric

portion 1528 and a second eccentric portion 152T which are

o B—
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out of phase by 180 degrees. The first eccentric portion
1528 is rotatably fitted into the first annular piston 1258
of the first compresgsing unit 128, and the second eccentric
portion 152T is rotatably fitted into the second annular
pisteon 125T of the second compregsing unit 12T.

When the rotating shaft 15 rotates, the first and
second annular pistons 1258 and 125T revolve in clockwise
direction in FIG. 2 within the first and second cylinders
1218 and 121T along the first and second cylinder inner
walls 1238 and 123T. The first and second vanes 1278 and
127T make a reciprocating movement in accordance with the
revolution of the first and second annular pistonsg 12538 and
125T. With the movements of the first and second annular
pistons 1258 and 125T and the first and second vanes 1278
and 127T, capacities of the first and second suction
chambers 1318 and 131T and the first and second compression
chambers 1338 and 133T continuously change, and the
compressing unit 12 continuously sucks, compresses and
discharges refrigerant gas.

As illustrated in FIG. 1, a lower muffler cover 1708
is placed on the lower side of the lower end plate 160S to
form a lower muffler chamber 1808 together with the lower
end plate 1603. Then, the first compressing unit 125 opens
into the lower muffler chamber 180S. Namely, a first

outlet port 1908 (see FIG. 2) for communication between the

10
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first compression chamber 13338 of the first cylinder 1218
and the lower muffler chamber 1808 is formed near the first
vane 127S of the lower end plate 1608, and the first outlet
port 1908 is provided with a first outlet valve 2008 for
preventing the backflow of compressed refrigerant gas.

The lower muffler chamber 1808 is one chamber formed
into an annular shape, and 1s a part of a communication
path communicating the outlet gide of the first compressing
unit 128 into an upper muffler chamber 180T through a
refrigerant path 136 (see FIG. 2) penetrating the lower end
plate 1608, the first cylinder 1218, the intermediate
partition plate 140, the second cylinder 121T, and the
upper end plate 160T. The lower muffler chamber 180S
reduces pressure pulsation of discharged refrigerant gas.
Furthermore, a first outlet valve holder 2018 for limiting
a deflection valve opening amount of the first outlet wvalve
2008 is superposed on the first outlet valve 2008, and is
fastened togéther with the first outlet valve 2008 by
rivetg., The first outlet port 1908, the first outlet valve
2008, and the first outlet valve holder 2018 compose an
outlet valve sgection of the lower end plate 1608.

Ag i1llustrated in FIG. 1, an upper muffler cover 170T
ig placed on the upper side of  the upper end plate 160T,
and the upper muffler chamber 180T is formed between the

upper muffler cover 170T and the upper end plate 1e0Q0T. A

11
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second ocutlet port 190T (see FIG. 2) for communication
between the second compression chamber 133T of the second
cylinder 121T and the upper muffler chamber 180T is formed
near the second vane 127T of the upper end plate 160T, and
the second outlet port 190T is provided with a second
outlet valve 200T for preventing the backflow cf compressed
refrigerant gas. Furthermore, a second outlet valve holder
201T for limiting a deflection valve opening amount of the
second ocutlet valve 200T is superposed on the second ocutlet
valve 200T, and is fastened together with the second outlet
valve 200T by rivets. The upper muffler chamber 180T
reduces pressure pulsaticn of discharged refrigerant. The
second outlet port 190T, the second ocutlet valve 2007, and
the second cutlet valve holder 201T compose an ocutlet valve
section of the upper end plate 160T.

The first cylinder 1218, the lower end plate 1608, the
lower muffler cover 1708, the second cylinder 121T, the
upper end plate 160T, the upper muffler cover 170T, and the
intermediate partition plate 140 are fastened together as
cne body by a through bolt 175. Out of the compressing

unit 12 including the above compeonents fastened tcgether as

‘one body by the through bolt 175, the ocuter periphery of

the upper end plate 160T is firmly fixed to the compressor
housing 10 by spot welding, thereby fixing the compressing

unit 12 to the compressor housing 10.

12
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On the outer circumferential surface of the
cylindrical compressor housing 10, first and second
through-holes 101 and 102 are formed to let first and
second suction pipes 104 and 105 through the compressor
housging 10; the first and second through-holes 101 and 102
are arranded at a distance in an axial direction so that
the first through-hole 101 is located below the second
through-hole 102. PFurthermore, on the outside of the
lateral side of the compressor housing 10, an accumulator
25 compoged of an independent cylindrical closged container
ig held by an accumulator holder 252 and an accumulator
band 253.

A system connecting pipe 255 connecting the
accumulator 25 to a refrigeration cycle is attached to the
center of the top of the accumulator 25. First and second
low-pressure communication pipes 31S and 31T are inserted
into bottom through-holeg 257 formed on the bottom of the
accumulator 25; one end of the first and second low-
pressure communication pipes 318 and 31T extends upward
ingide the accumulator 25, and the other end thereof is
attached to one end of the first and seccond suction pipes
104 and 105.

The first and second low-pressure communication pipes
318 and 31T, which lead a low-pressure refrigerant of the

refrigeration cycle tec the first and second compressing

13
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units 128 and 12T via the accumulator 25, are connected to
the first and second inlet ports 1358 and 135T of the first
and second cylinders 1218 and 121T (see FIG. 2) wvia the
first and second suction pipes 104 and 105 as a suction
section. Namely, the first and second inlet ports 1355 and
135T are in parallel communication with the refrigeration
cyclg.

A discharge pipe 107 as a discharge section is
attached to the teop of the compressor housingllo; the
discharge pipe 107 is connected to the refrigeration cycle,
and discharges high-pressure refrigerant gas intc the
refrigeration cycle. Namely, the first and second outlet
ports 1908 and 190T are in communication with the
refrigeration cycle.

The compressor housing 10 containg lubricating oil up
to about the level of the second cylinder 1217. A pump
vane 157 to be described later (see FIG., 7), which is
inserted intco the lower part of the rotating shaft 15,
sucks out the lubricating oil through an ¢il pipe 16
attached to the lower end of the rotating shaft 15. The
lubricating oil circulates through the compressing unit 12
and serveg to lubricate sliding parts and seal a minute gap
in the compressing unit 12,

Subsequently, an oiling mechanism, which is a

characteristic constitution of the rotary compressor

14
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according to the embodiment, is explained with reference o FIGS, 30 7. FIG. 3 s a

partial longitudinal sectional view of the rotating shaft according to the embodinent.

FIG. 4 is a tront vigw illustrating the shape of the pump vane secording to the erabodiment
hefore being subjected to twisting process. FRG. 5 is a front view dllustrating the shape of
the pump vane according to the embodiment after being subjected 1o the twisting process.
FIG. 6 1s a longitudingl sectional view of the ofl pipe according to the embodimeut. PIG. 7
s a longtiodingl sectional view Wlustrating the olling mechanian accovding to the

simbodiment

As ilustrated in FIG. 3, in order from the bottom, & vertical fitting hole 155b, vertical oil
holes 155 and 13352, and multiple lateral ofl holes 136 for supplying lubticating il from
the vertical oil hole 1535 to the compressing unit 12 {see FIG. 1) wre formned on the rotating
shaft 15. The vertical fitting hole 155h 1s formaed {o have an ioner diameter @l larget than

&

an inner diameter @l of the vertical oil hole 1355,

As iHustrsted in FIGS. 4 and 3, the pump vang 157 is made of a steel plate, and includes a
vaue portion 157a and a base portion 1570 whieh is wider than the vane portion 157a. The
vane portion 157a has a 180-depree twisted shape by being subjected to a twisting process.

A5

[

Nk
5
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illustrated in FIG. 6, the oil pipe 16 is made of a softer
material than those of the rotating shaft 15 and the pump
vane 157, such as copper or aluminum, and has an inlet port
l6a on the lower end and an opening on the upper end.

Subsequently, a size relation among components
composing an ©iling mechanism 159 in the embodiment and a
method of assembling the components are explained. First,
the base portion 157b of the pump vane 157 is pressed and
fixed intc the lower part of the ¢il pipe 16. A width H;
of the base portion 157b has a size relation of
interference fit (H; > ¢D;) to an inner diameter ¢D; of the
0il pipe 16; so the oil pipe 16 is deformed and.its =
diameter is expanded.

Next, the vane portion 157a of the pump vane 157 is
inserted into the wvertical oil hole 155 of the rotating
shaft 15. The upper end of the oil pipe 16 is press-fitted
into the wvertical fitting hole 155b, thereby fixing the oil
pipe 16 to the rotating shaft 15. A length L, of the oil
pipe 16 is about two times longer than a depth I, of the
vertical fitting hole 155b of the rotating shaft 15, and
the lower end of the ©¢il pipe 16 projects downward from the
vertical fitting hole 155b.

A distance L, from the upper end of the base portion
157b of the pump vane 157 press-fitted into the lower part

of the oil pipe 16 to the upper end of the wvertical fitting

16

s S
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hole 155b is larger than the depth 1; of the vertical
fitting hole 155b (L, > L3). Therefore, the lower part of
the oil pipe 16, which has undergone deformation and
diameter expansion due to the press-fit of the base portion
157b of the pump vane 157, is located outside of the

vertical fitting hole 155b of the rotating shaft 15.

An outer diameter ¢D; of the o0ill pipe 16 has a size
relation of interference fit {(¢D, > ¢E,) to the inner
diameter ¢E, of the vertical fitting hole 155b. A width H;
of the vane portion 157a of the pump vane 157 is smaller
than the inner diameter ¢D; of the oil pipe 16 and the
inner diameter ¢E; of the vertical oil hole 155 of the

rotating shaft 15 (H: < ¢D;, Hy < ¢E,). Because of this,
there is a space between the vane portion 157a and the oil
pipe 16 and the vertical oil hole 155. Moreover, the oil
pipe 16 is made of copper or aluminum that is soft.
Therefore, the press-fit does not cause any of deformation
and diameter reduction of the oil pipe 16, deformation and
diameter expansion of the countershaft portion 151. As a
result, no increase in sliding resistance of the rotating
shaft 15 is brought about.

By the oiling mechanism 159 including the oil pipe 16,
the pump vane 157, the vertical oil holes 155 and 155a, and

the lateral c¢il holes 156 described above, lubricating oil

17
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retained in the lower part of the compressor housing 10 is
sucked out through the oil pipe 16 and circulated through
the countershaft portion 151, the compressing unit 12, and
the main shaft portion 153.

Although the invention has been described with respect
to specific embodiments for a complete and ¢lear disclosure,
the appended claims are not to be thus limited but are to
be congtrued as embodying all modifications and alternative
constructions that may occur to one skilled in the art that

fairly fall within the basic teaching herein set forth.

Throughout this specification and the claims which
follow, unless the c¢ontext requires otherwise, the word
"comprise"”, and variations such as "comprises" and
"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 admigssion 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 endeavour to which this

gspecification relates.

18
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A rotary compressor comprising:

a hermetically-sealed compressor housing that includes a refrigerant outlet in
an upper part thereof and a refrigerant inlet in a lower part thereof, and retains
lubricating oil in the lower part thereof;

a compressing unit that is placed in the lower part of the compressor housing
and compresses a refrigerant sucked through the refrigerant inlet to discharge the
compressed refrigerant through the refrigerant outlet;

amotor that is placed in the upper part of the compressor housing and includes
a rotating shaft connected to the compressing unit to drive the compressing unit via
the rotating shaft, the rotating shaft having a vertical oil hole and a lateral oil hole for
supplying the lubricating oil; and

an oiling mechanism that supplies the lubricating oil to the compressing unit
through the vertical oil hole and the lateral oil hole,

wherein the oiling mechanism comprises:

a vertical fitting hole that is formed on a countershaft portion in a lower
part of the rotating shaft;

an oil pipe that has an inlet port at a lower end and an opening at an
upper end, an upper part thereof being press-fitted into the vertical fitting hole;
and

a pump vane formed of an elongate steel plate, the pump vane
comprising a vane portion and a base portion, the vane portion having a 180°
twisted shape, the base portion arranged at one end of the pump vane and
having a width wider than a width of the vane portion, the vane portion and the
base portion having substantially equal thickness, wherein the width of the
vane portion is smaller than an inner diameter of the oil pipe and an inner
diameter of the vertical oil hole, and the width of the base portion is slightly
wider than the inner diameter of the oil pipe for interference fit, and the pump
vane is arranged in the oil pipe such that the base portion is fixed in a lower

part of the oil pipe and a space is formed between the vane portion and the oil

pipe,

19
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whereby the countershaft portion is not deformed due to the deformation of the

oil pipe.

A rotary compressor according to claim 1, wherein the vertical fitting hole has an

inner diameter that is larger than an inner diameter of the vertical oil hole.

A rotary compressor according to claim 1 or 2, wherein the oil pipe is formed ofa

material that is softer than the material of the rotating shaft.

A rotary compressor according to claim 3, wherein the material of the oil pipe is

either copper or aluminium.

A rotary compressor according to any one of the preceding claims, wherein the pump

vane is formed of a material that is harder than the material of the oil pipe.

A rotary compressor according to any one of claims 2 to 5, wherein the oil pipe has

an outer diameter that is larger than the inner diameter of the vertical fitting hole.

A rotary compressor substantially as hereinbefore described with reference to the

accompanying drawings.
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