EP 2 881 588 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 2 881 588 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
10.06.2015 Bulletin 2015/24

(21) Application number: 13824733.3

(22) Date of filing: 31.05.2013

(51)

(86)

(87)

Int CL.:

F04C 29/00 (2006.07) F04C 23100 (2006.0)
International application number:
PCT/JP2013/065292

International publication number:
WO 2014/020983 (06.02.2014 Gazette 2014/06)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(30) Priority: 31.07.2012 JP 2012169931

(71) Applicant: Mitsubishi Heavy Industries, Ltd.
Tokyo 108-8215 (JP)

(72) Inventors:
¢ OGAWA, Makoto
Tokyo 108-8215 (JP)
* MIURA, Shigeki
Tokyo 108-8215 (JP)

(74)

ESAKI, Ikuo

Tokyo 108-8215 (JP)
SASAKAWA, Chikako
Tokyo 108-8215 (JP)
SATO, Hajime
Tokyo 108-8215 (JP)
TATEISHI, Taichi
Tokyo 108-8215 (JP)
NOGUCHI, Akihiro
Nagoya-shi

Aichi 453-0862 (JP)

Representative: Intés, Didier Gérard André et al
Cabinet Beau de Loménie

158, rue de I’'Université

75340 Paris Cedex 07 (FR)

(54)

(67)  Provided is a rotary fluid machine in which the
irregular contact of a crankshaft with a bearing can be
reduced by reducing the deflection of an intermediate
shaft. A crankshaft (1) is provided with a first crankshaft
section (3), a first crank pin (5), a second crankshaft sec-
tion (11), a second crank pin (9), and an intermediate
shaft (7), wherein the intermediate shaft (7) has a shape
in which the intermediate shaft (7) has a first side which
is located on the first direction (A) side in a longitudinal
cross-section which includes the axes of any two of the
first crankshaft section (3), the first crank pin (5), and the
second crank pin (9), the first side (X) is provided so as
to continuously connect a first side-side first connection
point which is connected to the first crank pin (5) and a
first side-side second connection point which is connect-
ed to the second crank pin (9), and the first side-side first
connection point is provided at a position displaced fur-
ther in the first direction (A) than the first side-side second
connection point.
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Description
Technical Field

[0001] The present invention relates to a rotary fluid
machine and a method for assembling the rotary fluid
machine and more specifically, to an intermediate shaft
of a crankshaft which is used in a twin rotary fluid ma-
chine.

Background Art

[0002] In a rotary fluid machine, a crankshaft being
bent due to gas load at the time of compression, thereby
entering a state of coming into irregular contact with a
bearing section is generally known. In particular, in a twin
(two-cylinder) rotary fluid machine, the distance between
bearing support points is large, and thus a crankshaft is
easily bent, thereby causing irregular contact. There is a
problem in that bearing friction loss increases due to the
irregular contact and reliability decreases due to abnor-
mal wear or seizure. Further, there is also a problem in
that a rolling piston is tilted, and thus friction loss with a
cylinderinner circumferential surface or a separator plate
increases and noise and vibration increases.

[0003] Therefore, in order to increase the rigidity of a
crankshaft, PTL 1 discloses a technique of increasing an
intermediate shaft cross-sectional area by increasing the
thickness of the intermediate shaft which connects a first
crank pin and a second crank pin. Further, PTL 2 dis-
closes a technique of providing an intermediate shaft with
a first connection portion and a second connection por-
tion projecting from the intermediate shaft, thereby sup-
porting load which is applied to the intermediate shaft.

Citation List
Patent Literature
[0004]

[PTL 1] Japanese Patent No. 3723408
[PTL 2] Japanese Patent No. 4065654

Summary of Invention
Technical Problem

[0005] However, the intermediate shaft is still bent
even by the techniques disclosed in PTL 1 and PTL 2,
and thus there is a problem in that a state where the
crankshaft comes into irregular contact with a bearing
section occurs.

[0006] Further, the technique of providing a first con-
nection portion and a second connection portion project-
ing from an intermediate shaftis disclosed in PTL 2. How-
ever, the respective connection portions are provided
separately from the intermediate shaft, and therefore,
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there is a problem in that it is not possible to integrally
mold the intermediate shaft by casting.

[0007] The present invention has been made in view
of such circumstances and has an object to provide a
rotary fluid machine in which a crankshaft being bent,
thereby entering a state of coming into irregular contact
with a bearing section is reduced, and a method for as-
sembling the rotary fluid machine.

Solution to Problem

[0008] According to a first aspect of the present inven-
tion, there is provided a rotary fluid machine including: a
crankshaft which is provided with a first crankshaft sec-
tion, a first crank pin connected eccentrically in a first
direction with respect to the first crankshaft section, a
second crankshaft section having the same axis as the
first crankshaft section, a second crank pin connected
eccentrically in a second direction opposite to the first
direction with respect to the second crankshaft section,
and an intermediate shaft which connects the first crank
pinand the second crank pin; and a separator plate which
partitions a first cylinder corresponding to the first crank
pin and a second cylinder corresponding to the second
crank pin and has a hole portion in which the intermediate
shaft is inserted and located, wherein the intermediate
shaft has a first side which is located on the first direction
side in a longitudinal cross-section which includes axes
of any two of the first crankshaft section, the first crank
pin, and the second crank pin, the first side is provided
so as to continuously connect a first side-side first con-
nection point which is connected to the first crank pin and
a first side-side second connection point which is con-
nected to the second crank pin, and the first side-side
first connection point is provided at a position displaced
further in the first direction than the first side-side second
connection point.

[0009] According to the first aspect, in the longitudinal
cross-section which includes the axes of any two of the
first crankshaft section, the first crank pin, and the second
crank pin, the first side-side first connection point is pro-
vided at a position displaced further in the first direction
than the first side-side second connection point, and thus
the first side is inclined in the first direction with respect
to the axis of the crankshaft. In this way, compared to a
shape in the related art having a side extending parallel
to the axis of a crankshaft, it is possible to increase the
cross-sectional area of the intermediate shaft. Here,
since a cross-section modulus is proportional to an area,
the cross-section modulus of the intermediate shaft be-
comes large, compared to the related art. Further, since
deflection is inversely proportional to a cross-section
modulus, it is possible to reduce the deflection of the
intermediate shaft by adopting the above-described con-
figuration.

[0010] In the rotary fluid machine described above, a
configuration is also acceptable in which the intermediate
shaft has a second side which is located on the second
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direction side in the longitudinal cross-section, the sec-
ond side is provided so as to continuously connect a sec-
ond side-side first connection point which is connected
to the first crank pin and a second side-side second con-
nection point which is connected to the second crank pin,
and the second side-side second connection point is pro-
vided at a position displaced further in the second direc-
tion than the second side-side first connection point.
[0011] According to this configuration, in the longitudi-
nal cross-section which includes the axes of any two of
the first crankshaft section, the first crank pin, and the
second crank pin, the second side-side second connec-
tion pointis provided at a position displaced further in the
second direction than the second side-side first connec-
tion point, and thus the second side is inclined in the first
direction with respect to the axis of the crankshaft. In this
manner, not only the first side, but also the second side
is inclined with respect to the axis of the crankshaft, and
therefore, compared to a shape in the related art having
a side extending parallel to the axis of a crankshaft, it is
possible to increase the cross-sectional area of the in-
termediate shaft.

[0012] In the rotary fluid machine described above, a
configuration is also acceptable in which in the longitu-
dinal cross-section, the second side of the intermediate
shaft, which is located on the second direction side, ex-
tends parallel to an axis of the second crankshaft section
with the second connection point which is at a position
displaced further in the second direction than the first
connection point as a starting point.

[0013] Accordingto this configuration, the shape of the
intermediate shaft is extended by a distance by which
the second connection point is displaced further in the
second direction than the first connection point, com-
pared to the shape in the related art, and therefore, it is
possible to increase the cross-sectional area of the in-
termediate shaft.

[0014] In therotary fluid machine according to any one
of the above, a configuration is also acceptable in which
in the longitudinal cross-section, the maximum distance
between both the sides of the intermediate shaft in a di-
rection orthogonal to an axis of the crankshaft is equal
to a diameter of the hole portion of the separator plate.
[0015] According to this configuration, due to a shape
in which the maximum distance between both sides of
the intermediate shaft in a direction orthogonal to the axis
of the crankshaft is equal to the diameter of the hole por-
tion of the separator plate, it is possible to make the in-
termediate shaft as large as possible to the extent that
the intermediate shaft can pass through the separator
plate.

[0016] In the rotary fluid machine according to any one
of the above, a configuration is also acceptable in which
the intermediate shaft has a surface from molding by
casting.

[0017] According to this configuration, since the inter-
mediate shaft has no sliding portion as in a crank pin, it
is not necessary to perform surface finishing by cutting
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or the like. For this reason, even in a case where a crank-
shaft section, a crank pin, and an intermediate shaft are
integrally molded by casting, it is possible to omit the
surface finishing of the intermediate shaft, and thus it is
possible to attain a reduction in cost.

[0018] According to a second aspect of the present
invention, there is provided a method for assembling a
rotary fluid machine, including: a shaft section insertion
step of inserting the first crankshaft section or the second
crankshaft section into the hole portion of the separator
plate as far as a plane where the first crank pin or the
second crank pin and the intermediate shaftarein contact
with each other, by relatively moving the crankshaft and
the separator plate; an intermediate shaft insertion step
of relatively inclining the crankshaft and the separator
plate and relatively inserting the intermediate shaft into
the hole portion along the first side while making the sep-
arator plate follow the first side; and an intermediate shaft
positioning step of releasing relative inclination between
the crankshaft and the separator plate and positioning
the intermediate shaft in the hole portion of the separator
plate.

[0019] According to the second aspect, in the interme-
diate shaft insertion step, the crankshaft and the sepa-
rator plate are relatively inclined and the intermediate
shaft is then inserted along the first side, and therefore,
even if the first side is inclined, it is possible to insert the
intermediate shaft. In addition, even in a shape which is
as large as possible to the extent that the intermediate
shaft can pass through the separator plate, it is possible
to insert the intermediate shaft. Further, in the interme-
diate shaft positioning step, inclination is released, and
therefore, it is possible to position the intermediate shaft
at a desired position. In this manner, the method includes
the shaft section insertion step, the intermediate shaft
insertion step, and the intermediate shaft positioning
step, and therefore, even in a shape in which it is not
possible to performinsertionin aninsertion method which
is performed with the separator plate and the crankshaft
section kept relatively vertical, as in a method of the re-
lated art, that is, a shape in which the intermediate shaft
sticks out from the side surface in the first direction of the
second crank pin, the intermediate shaft can pass
through the separator plate.

Advantageous Effects of the Invention

[0020] According tothe presentinvention, the first con-
nection point is provided at a position displaced further
in the first direction than the second connection point,
and thus the first side is inclined with respect to the axis
of the crankshaft, and therefore, compared to a shape in
the related art having a side parallel to a crankshaft, it is
possible to increase the cross-sectional area of the in-
termediate shaft. The deflection of the intermediate shaft
is reduced in this manner, whereby the irregular contact
of the crankshaft with a bearing can be reduced. The
irregular contact of the crankshaft with a bearing is re-
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duced, whereby it is possible to suppress an increase in
bearing friction loss and suppress a decrease in reliability
due to abnormal wear or seizure. Further, it is possible
to suppress a tilt of a rolling piston, an increase in friction
loss with a cylinder inner circumferential surface or the
separator plate, and an increase in noise and vibration.

Brief Description of Drawings
[0021]

Fig. 1 is a longitudinal cross-sectional view of the
periphery of an intermediate shaft of a rotary com-
pressor according to an embodiment of the present
invention.

Fig. 2 shows the intermediate shaft shown in Fig. 1,
wherein (a) is a longitudinal cross-sectional view of
an intermediate shaft of the related art, (b) is a lon-
gitudinal cross-sectional view of an intermediate
shaft according to a first embodiment, (c) is a longi-
tudinal cross-sectional view of an intermediate shaft
according to a second embodiment, and (d) is a lon-
gitudinal cross-sectional view of an intermediate
shaft according to a third embodiment. In addition,
it should be noted that a first direction A and a second
direction B are reverse to those in Fig. 1.

Fig. 3 is cross-sectional views in which the interme-
diate shafts shown in Fig. 2 are projected on a plane
perpendicular to a rotary shaft, wherein (a) shows
the intermediate shaft of the related art, (b) shows
the intermediate shaft according to the second em-
bodiment, and (c) shows the intermediate shaft ac-
cording to the third embodiment. In addition, it should
be noted that the first direction A and the second
direction B are reverse to those in Fig. 1.

Fig. 4 is side views showing a method of inserting a
separator plate in an embodiment of the present in-
vention.

Fig. 5 is a side view showing a main section of a
crankshaft which includes the intermediate shaft in
the third embodiment of the present invention.

Description of Embodiments

[0022] Hereinafter, embodiments related to the
present invention will be described with reference to the
drawings.

[First Embodiment]

[0023] Hereinafter, a first embodiment of the present
invention will be described using Figs. 1 to 5.

[0024] A rotary compressor according to this embodi-
ment is provided with a hermetically-sealed housing, an
electric motor section, and a compression mechanism
section. The motor section and the compression mech-
anism section are coupled to each other by a crankshaft.
The motor section housed in the hermetically-sealed
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housing has a motor rotor and a motor stator, and an oil
separation plate for suppressing a decrease in the lubri-
cation performance of a sliding portion of the compressor
is provided at an upper portion of the motor section.
[0025] In Fig. 1, the longitudinal cross-section of the
periphery of an intermediate shaft 7 of the rotary com-
pressor according to this embodiment is shown.

[0026] The compression mechanism section de-
scribed above is provided with a crankshaft 1, a separator
plate 13, and a cylinder section.

[0027] The cylinder sectionis divided into an upper cyl-
inder 2 and a lower cylinder 4 and has a blade accom-
modation groove.

[0028] The crankshaft 1 is provided with an upper
crankshaft section 3 which is located on the upper side
in Fig. 1 and has an axis L1, and a lower crankshaft sec-
tion 11 which is located on the lower side in Fig. 1 and
has the axis L1 shared by the upper crankshaft section
3. The upper crankshaft section 3 is supported on a main
bearing 15, and the lower crankshaft section 11 is sup-
ported on a sub-bearing 17.

[0029] An upper crank pin 5 and a lower crank pin 9
are connected between the upper crankshaft section 3
and the lower crankshaft section 11. The upper crank pin
5 is located such that an axis L2 thereof is eccentric with
respect to the axis L1 of the upper crankshaft section 3.
Here, a direction in which the axis L2 of the upper crank
pin 5 is eccentric with respect to an axis of the crankshaft
1, that is, the axis L1 of the upper crankshaft section 3
and the lower crankshaft section 11 is set to be a first
direction A, and the opposite direction to the first direction
A is set to be a second direction B. The lower crank pin
9 is located with an axis L3 thereof being eccentric in the
second direction B with respect to the axis L1 of the lower
crankshaft section 11.

[0030] Further, an upper piston 22 is fitted onto the
upper crank pin 5, and a lower piston 24 is fitted onto the
lower crank pin 9.

[0031] The intermediate shaft 7 is provided between
the upper crank pin 5 and the lower crank pin 9, and the
upper crank pin 5 and the lower crank pin 9 which are
eccentricto each other are connected by the intermediate
shaft 7.

[0032] Further, the surfaces of the upper crankshaft
section 3 and the lower crankshaft section 11 or the sur-
faces of the upper crank pin 5 and the lower crank pin 9
are machined, whereas the intermediate shaft 7 has a
surface from molding by casting.

[0033] The separator plate 13 is disposed so as to par-
tition the upper cylinder 2 corresponding to the upper
crank pin 5 and the lower cylinder 4 corresponding to the
lowercrank pin 9. Ahole portionis formed in the separator
plate 13, and the intermediate shaft 7 is inserted into the
hole portion.

[0034] An upper suction pipe 19 and a lower suction
pipe 20 are connected to the respective sides of the upper
cylinder 2 and the lower cylinder 4. A refrigerantis sucked
from each of the upper suction pipe 19 and the lower
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suction pipe 20 into each of the upper cylinder 2 and the
lower cylinder 4.

[0035] The rotary compressor described above sucks
refrigerant gas into the lower cylinder 4 through the lower
suction pipe 20, and a compression chamber formed in
the lower cylinder 4 is made smaller with the rotation of
the crankshaft 1, whereby the refrigerant gas is com-
pressed. Then, the refrigerant compressed in the lower
cylinder 4 is discharged into a lower muffler and then
discharged into an upper muffler through a communica-
tion path connecting the lower cylinder, the separator
plate, and the upper cylinder. A refrigerant sucked into
the upper cylinder through the upper suction pipe 19 is
compressed in the upper cylinder and then discharged
into the upper muffler. As the refrigerant, R410A refrig-
erant is suitably used. However, R32 refrigerant and oth-
er mixed refrigerants may be used.

[0036] In Fig. 2(b), a main section of the crankshaft 1
which includes the intermediate shaft 7 according to this
embodiment is shown. As shown in the drawings, in a
longitudinal cross-section which includes the axes of any
two of the upper crankshaft section 3, the upper crank
pin 5, and the lower crank pin 9, the intermediate shaft
has a first side X which is located on the first direction A
side, and the first side X is provided so as to continuously
connect an intermediate shaft upper left point (a first side
X-side first connection point) a which is connected to the
upper crank pin 5, and an intermediate shaft lower left
point (afirst side X-side second connection point) b which
is connected to the lower crank pin 9. In addition, the
intermediate shaft upper left point a is provided at a po-
sition displaced further to the first direction A side than
the intermediate shaft lower left point b.

[0037] Further, a second side Y is provided so as to
continuously connect an intermediate shaft upper right
point (a second side Y-side first connection point) c which
is connected to the upper crank pin 5, and an intermediate
shaft lower right point (a second side Y-side second con-
nection point) d which is connected to the lower crank
pin 9. In addition, the intermediate shaft lower right point
dis provided at a position displaced further to the second
direction B side than the intermediate shaft upper right
point c. That is, both sides may have a diagonal shape.
[0038] Next, a method for assembling the crankshaft
1 described above, specifically, a method of inserting the
separator plate 13 onto the crankshaft 1 will be described
using Fig. 4. Assembling is performed in order from Fig.
4(a) to Fig. 4(e). First, as shown in Fig. 4(a), the lower
crankshaft section 11 is inserted into the hole portion of
the separator plate 13 as far as a plane where the lower
crank pin 9 and the intermediate shaft 7 are in contact
with each other, by relatively moving the crankshaft 1
and the separator plate 13 (a shaft section insertion step).
Next, as shown in Fig. 4(b), the crankshaft 1 and the
separator plate 13 are inclined relatively. By performing
the inclination with an upper left end point e of the lower
crank pin 9 as a fulcrum at the time of the inclination, it
is possible to prevent the position of the separator plate
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13 from being shifted. Next, as shown in Fig. 4(c), the
intermediate shaft 7 is relatively inserted into the hole
portion along the first side X while making the separator
plate 13 follow the first side X (an intermediate shaft in-
sertion step). When relatively inserting the intermediate
shaft 7 into the hole portion while making the separator
plate 13 follow the first side X, itis favorable if the insertion
is performed with a gap to the extent that the separator
plate 13 and the intermediate shaft 7 are not in contact
with each other provided. Next, as shown in Fig. 4(d),
the inclination between the crankshaft 1 and the separa-
tor plate 13 relatively inclined by Fig. 4(b) is released.
Whenreleasing the inclination, itis favorable if movement
is performed such that an end point of the separator plate
coincides with the intermediate shaft upper left point a.

[0039] Then, as shown in Fig. 4(e), the intermediate
shaft 7 is positioned in the hole portion of the separator
plate 13 (an intermediate shaft positioning step). When
positioning the intermediate shaft 7 in the hole portion of
the separator plate 13, it is favorable if movement is per-
formed such that the separator plate becomes perpen-
dicular to the axis L1 of the crankshaft 1.

[0040] In addition, the separator plate 13 may be in-
serted from the upper crankshaft section 3, rather than
from the lower crankshaft section 11, as described
above.

[0041] Due to the configuration described above, ac-
cording to this embodiment, the following operations and
effects are exhibited.

[0042] The intermediate shaft upper left pointa (and/or
the intermediate shaft upper right point c) is provided at
a position displaced further to the first direction A side
than the intermediate shaft lower left point b (and/or the
intermediate shaft lower right point d), and thus the first
side Xisinclined with respect to the axis of the crankshaft
1, and therefore, compared to a shape in the related art
in Figs. 2(a) and 3(a) having a side parallel to the crank-
shaft 1, itis possible to increase the cross-sectional area
of the intermediate shaft 7. The deflection of the interme-
diate shaft 7 is reduced in this manner, whereby the ir-
regular contact of the crankshaft 1 with the main bearing
15 and the sub-bearing 17 can be reduced. Since the
irregular contact of the crankshaft 1 with the bearing is
reduced, itis possible to suppress an increase in bearing
friction loss and suppress a decrease in reliability due to
abnormal wear or seizure. Further, it is possible to sup-
press a tilt of a rolling piston, an increase in friction loss
with a cylinder inner circumferential surface or the sep-
arator plate 13, and an increase in noise and vibration.

[0043] Further, due to the assembling method which
includes the intermediate shaftinsertion step of relatively
inclining the crankshaft 1 and the separator plate 13 and
relatively inserting the intermediate shaft 7 into the hole
portion along the first side X while making the separator
plate 13 follow the first side X, even if the first side X is
inclined, itis possible to insert the separator plate 13 and
position the intermediate shaft 7 at a desired position. In
addition, the same also applies to a shape which is as
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large as possible to the extent that the intermediate shaft
7 can pass through the separator plate 13. In this manner,
even in a shape in which it is not possible to perform
insertion in an insertion method of the related art which
is performed with the separator plate 13 and the crank-
shaft 1 kept relatively vertical, that is, a shape in which
the intermediate shaft 7 sticks out from the side surface
of the lower crank pin in the first direction A, the interme-
diate shaft 7 can pass through the separator plate 13.

[Second Embodiment]

[0044] Next, a second embodiment of the present in-
vention will be described using Figs. 2(c) and 3(b).
[0045] This embodimentis differentin the shape of the
intermediate shaft 7 from the first embodiment described
above. Since other aspects are the same as those in the
first embodiment, description thereof is omitted.

[0046] In this embodiment, the second side Y of the
intermediate shaft 7, which is located on the second di-
rection B side, extends parallel to the axis of the lower
crankshaft section 11 with the intermediate shaft lower
right point d which is at a position displaced further than
the intermediate shaft upper right point c as a starting
point.

[0047] In this manner, the shape of the intermediate
shaft 7 is extended by a distance by which the interme-
diate shaft lower right point d is displaced further to the
second direction B side than the intermediate shaft upper
right point ¢, compared to the shape in the related art,
and therefore, it is possible to increase the cross-sec-
tional area of the intermediate shaft 7.

[Third Embodiment]

[0048] Next, a third embodiment of the present inven-
tion will be described using Figs. 2(d), 3(c), and 5.
[0049] This embodimentis differentin the shape of the
intermediate shaft 7 from the first embodiment and the
second embodiment described above. Since other as-
pects are the same as those in the first embodiment,
description thereof is omitted.

[0050] A shape is made in which the maximum dis-
tance between both sides of the shape of the intermediate
shaft 7 is equal to the diameter of the hole portion of the
separator plate 13. Here, due to the maximum distance
between both sides, a shape shown by a broken line in
Fig. 2(d) is also acceptable. Further, Fig. 5 is a diagram
in which the separator plate is inserted in this embodi-
ment, and the intermediate shaft is increased by a trian-
gular cross-section portion 8.

[0051] In this manner, due to the presence of the tri-
angular cross-section portion 8, a gap between the inter-
mediate shaft shape and the separator plate is effectively
filled, and a shape in which the maximum distance be-
tween both sides of the shape of the intermediate shaft
7 is equal to the diameter of the hole portion of the sep-
arator plate 13 is made, and thus it is possible to make
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the intermediate shaft 7 as large as possible to the extent
that the intermediate shaft 7 can pass through the sep-
arator plate 13.

[0052] In addition, in each embodiment described
above, description has been made as an example in
which the surfaces of the upper crankshaft section 3 and
the lower crankshaft section 11 or the surfaces of the
upper crank pin 5 and the lower crank pin 9 are machined,
whereas the intermediate shaft 7 has a surface from
molding by casting. However, the present invention is
not limited thereto, and, for example, the intermediate
shaft 7 may be machined. Further, working is not limited
to machining.

[0053] Further, in each embodiment described above,
description has been made as a rotary compressor. How-
ever, the present invention is not limited thereto, and, for
example, an expander is also acceptable.

[Other Embodiments]

[0054] Next, other embodiments of the present inven-
tion will be described.

[0055] In each embodiment described above, an ex-
ample in which the present invention is applied to a two-
cylinder rotary compressor and a single-cylinder rotary
compressor has been described. However, it is also pos-
sible to likewise apply the present invention to the follow-
ing compressors, and these compressors shall also be
included in the present invention.

(1) Multi-cylinder Rotary Compressor

[0056] In each embodiment described above, a two-
cylinder rotary compressor has been described. Howev-
er, the present invention may also be applied to a multi-
cylinder rotary compressor having three or more cylin-
ders.

(2) Multistage Rotary Compressor

[0057] In each embodiment described above, a two-
cylinder rotary compressor has been described. Howev-
er, the present invention may also be applied to a multi-
stage rotary compressor as a configuration in which a
cylinder on one side is set as a low-stage side, a cylinder
on the other side is set as a high-stage side, and inter-
mediate-pressure gas compressed by a compression
mechanism on the low-stage side is sucked by a com-
pression mechanism on the high-stage side and further
compressed into high-pressure gas.

(3) Multistage Compressor combined with other types of
compression mechanism

[0058] Itis also possible to apply the present invention
to a multistage compressor of a type in which a second
compression mechanism of a different type from a rotary
compression mechanism which is driven by an electric
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motor is provided at an upper portion of the electric motor
in the housing of each embodiment described above, the
rotary compression mechanism s set as a low-stage side
compression mechanism, the second compression
mechanism is set as a high-stage side compression
mechanism, intermediate-pressure gas compressed by
the low-stage side rotary compression mechanismis dis-
charged into the housing, and the gas is sucked by the
high-stage side compression mechanism that is the sec-
ond compression mechanism and compressed in two
stages.

[0059] Asatypical example of the multistage compres-
sor, a compressor in which the second compression
mechanism is a scroll compression mechanism has al-
ready been put to practical use.

[0060] Even in a case of being applied to these com-
pressors, itis possible to obtain the same effects as those
in each embodiment described above. Reference Signs
List

[0061]

: crankshaft

: upper cylinder

: upper crankshaft section (first crankshaft section)
: lower cylinder

: upper crank pin (first crank pin)

: intermediate shaft

: triangular cross-section portion

9: lower crank pin (second crank pin)

11: lower crankshaft section (second crankshaft sec-
tion)

13: separator plate

15: main bearing

17: sub-bearing

19: upper suction pipe

20: lower suction pipe

22: upper piston

24: lower piston

L1, L2, L3: axis

A: first direction

B: second direction

X: first side

Y: second side

a: first side X-side first connection point

b: first side X-side second connection point

c: second side Y-side first connection point

d: second side Y-side second connection point
e: lower crank pin upper left end point

O ~NOA~ WN =

Claims
1. A rotary fluid machine comprising:

a crankshaft which is provided with a first crank-
shaft section, a first crank pin connected eccen-
trically in a first direction with respect to the first
crankshaft section, a second crankshaft section
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having the same axis as the first crankshaft sec-
tion, a second crank pin connected eccentrically
in a second direction opposite to the first direc-
tion with respect to the second crankshaft sec-
tion, and an intermediate shaft which connects
the first crank pin and the second crank pin; and
a separator plate which partitions a first cylinder
corresponding to the first crank pin and a second
cylinder corresponding to the second crank pin
and has a hole portion in which the intermediate
shaft is inserted and located,

wherein the intermediate shaft has a first side
which is located on the first direction side in a
longitudinal cross-section which includes axes
of any two of the first crankshaft section, the first
crank pin, and the second crank pin,

the first side is provided so as to continuously
connect a first side-side first connection point
which is connected to the first crank pin and a
first side-side second connection point which is
connected to the second crank pin, and

the first side-side first connection point is pro-
vided at a position displaced further in the first
direction than the first side-side second connec-
tion point.

The rotary fluid machine according to Claim 1,
wherein the intermediate shaft has a second side
which is located on the second direction side in the
longitudinal cross-section,

the second side is provided so as to continuously
connect a second side-side first connection point
which is connected to the first crank pin and a second
side-side second connection point which is connect-
ed to the second crank pin, and

the second side-side second connection pointis pro-
vided at a position displaced further in the second
direction than the second side-side first connection
point.

The rotary fluid machine according to Claim 1,
wherein in the longitudinal cross-section, the second
side of the intermediate shaft, which is located on
the second direction side, extends parallel to an axis
of the second crankshaft section with the second
connection point which is at a position displaced fur-
ther in the second direction than the first connection
point as a starting point.

The rotary fluid machine according to any one of
Claims 1 to 3, wherein in the longitudinal cross-sec-
tion, the maximum distance between both the sides
of the intermediate shaft in a direction orthogonal to
an axis of the crankshaft is equal to a diameter of
the hole portion of the separator plate.

The rotary fluid machine according to any one of
Claims 1 to 4, wherein the intermediate shaft has a
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surface from molding by casting.

6. A method for assembling the rotary fluid machine
according to any one of Claims 1 to 5, comprising:

a shaft section insertion step of inserting the first
crankshaft section or the second crankshaft sec-

tion into the hole portion of the separator plate

as far as a plane where the first crank pin or the
second crank pin and the intermediate shaftare 70
in contact with each other, by relatively moving

the crankshaft and the separator plate;

an intermediate shaft insertion step of relatively
inclining the crankshaft and the separator plate

and relatively inserting the intermediate shaftin- 75
to the hole portion along the first side while mak-

ing the separator plate follow the first side; and

an intermediate shaft positioning step of releas-

ing relative inclination between the crankshaft
and the separator plate and positioning the in- 20
termediate shaft in the hole portion of the sep-
arator plate.
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