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(54) RECIPROCATING BOOSTER COMPRESSOR

(57) In a reciprocating booster compressor, the in-
side of a crank case accommodating a crank mechanism
is separated into a first space and a second space by a
separation wall. At least one of the first space or the sec-

ond space is pressurized by having a gas pressurized in
the first cylinder unit or the second cylinder unit intro-
duced thereinto, and set to a pressure corresponding to
a first cylinder unit or a second cylinder unit.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a reciprocat-
ing booster compressor capable of further compressing
a pressurized gas supplied from outside by reciprocating
motions of pistons in cylinders.

BACKGROUND

[0002] Generally in a reciprocating compressor, a gas
supplied from outside is compressed by converting a ro-
tational motion of an input shaft, to which power is input
from a power source such as an electric motor, into a
reciprocating motion of a piston in a cylinder by a crank
mechanism accommodated in a crank case. In recent
years, a so-called booster compressor for further boost-
ing a gas pressurized to or above an atmospheric pres-
sure in view of energy saving in addition to an increasing
demand for a compressed gas having a higher pressure
is known among compressors of this type.
[0003] In a reciprocating booster compressor, a gas
having an atmospheric pressure or higher is com-
pressed. Thus, if a pressure in a crank case is an atmos-
pheric pressure, a pressure difference between a com-
pression chamber and the crank case specified by a cyl-
inder and a piston becomes larger and a large load is
applied to components such as a bearing member of a
crankshaft constituting a crank mechanism. As a result,
a product life is shortened. Further, if the pressure in the
crank case is the atmospheric pressure, it is hard to ob-
tain an energy saving effect. Accordingly, in the recipro-
cating booster compressor of this type, a load during a
suction stroke is suppressed and a high energy saving
effect is obtained by pressurizing the inside of the crank
case and reducing the pressure difference between the
crank case and the compression chamber. For example,
in Patent Document 1, a pressure difference between a
compression chamber and a crank case is reduced by
accumulating a pressurized gas generated in a compres-
sion chamber in a tank and supplying part of the pressu-
rized gas into a crank case.

Citation List

Patent Literature

[0004] Patent Document 1: JP2009-133282A

SUMMARY

Technical Problem

[0005] Among compressors of this type, a multi-stage
reciprocating booster compressor is required to meet a
demand for a pressurized gas having a higher pressure.
For example, in the case of a two-stage reciprocating

booster compressor in which a first cylinder unit having
a low-pressure side compression chamber and a second
cylinder unit having a high-pressure side compression
chamber are connected in series, a pressurized gas sup-
plied from outside is further compressed in the second
cylinder unit after being compressed in the first cylinder
unit. It is considered to drive the first and second cylinder
units performing such compression by a common crank
mechanism. However, since the first and second cylinder
units handle the pressurized gases having mutually dif-
ferent pressures, if the pressure of the crank case is pres-
surized to a pressure appropriate for one cylinder unit,
that pressure of the crank case is not appropriate for the
other cylinder unit, whereby a pressure difference be-
tween the crank case and the other cylinder unit becomes
inappropriate. Thus, if a configuration having a single cyl-
inder unit as in Patent Document 1 is directly applied to
a configuration having a plurality of cylinder units, such
an inappropriate pressure difference is unavoidable. As
a result, a load to a drive shaft and the like becomes
larger and it becomes hard to obtain a high energy saving
effect.
[0006] It should be noted that such a large load causes
the shortening of the product life as described above. To
prevent a reduction of the product life, a design thick
enough to withstand a pressure difference is, for exam-
ple, considered, but this leads to a heavy design and
increases product cost.
[0007] At least one embodiment of the present inven-
tion was developed in view of the above situation and it
is an object of the present invention to provide a recip-
rocating booster compressor capable of achieving a long
life and obtaining a high energy saving effect by appro-
priately setting an internal pressure of a crank case in
each cylinder unit for performing multi-stage compres-
sion.

Solution to Problem

[0008]

(1) In order to solve the above problem, a recipro-
cating booster compressor according to at least one
embodiment of the present invention is provided with
a crank mechanism for converting a rotational motion
of an input shaft to which power is input into a recip-
rocating motion, a crank case accommodating the
crank mechanism, and a plurality of cylinder units
capable of compressing a gas by being driven by the
reciprocating motion converted in the crank mecha-
nism, wherein the plurality of cylinder units include
a first cylinder unit compressing a pressurized gas
supplied from outside and generating a first pressu-
rized gas having a higher pressure than the pressu-
rized gas, and a second cylinder unit connected in
series to the first cylinder unit, the second cylinder
unit further compressing the first pressurized gas
and generating a second pressurized gas having a
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higher pressure than the first pressurized gas, the
crank case includes a first space corresponding to
the first cylinder unit and a second space corre-
sponding to the second cylinder unit, the first space
and the second space are separated from each other
by a separation wall provided inside the crank case,
and at least one of the first space or the second space
is pressurized by having any one of the pressurized
gas, the first pressurized gas or the second pressu-
rized gas introduced thereinto.
According to the above configuration (1), the crank
case has the first space and the second space cor-
responding to the plurality of cylinder units. Since
the first and second spaces are separated from each
other by the separation wall, the first and second
spaces can respectively generate independent pres-
sures. At least one of the first space or the second
space is pressurized by having any one of the pres-
surized gas, the first pressurized gas or the second
pressurized gas introduced thereinto, whereby a
pressure difference between each cylinder unit and
the crank case can be suppressed.
(2) In several embodiments, in the above configura-
tion (1), the pressurized gas is introduced into the
first space, and the first pressurized gas is introduced
into the second space.
According to the above configuration (2), the pres-
surized gas supplied to the first cylinder unit is intro-
duced into the first space, whereby a pressure cor-
responding to an intake pressure of the first cylinder
unit is set. On the other hand, the first pressurized
gas supplied to the second cylinder unit is introduced
into the second space, whereby a pressure corre-
sponding to an intake pressure of the second cylin-
der unit and different from that in the first space is set.
(3) In several embodiments, the above configuration
(2) is provided with a first passage connecting an
intake port for the pressurized gas and the first
space, and a second passage connecting the first
space and a suction side of the first cylinder unit.
According to the above configuration (3), the pres-
surized gas to be compressed by the booster com-
pressor is supplied to the first space via the first pas-
sage. The pressurized gas supplied to the first space
passes through the first space and is supplied to the
first cylinder unit via the second passage. Since the
pressurized gas is supplied to the first cylinder unit
by way of the first space in this way, a pressure cor-
responding to the first cylinder unit can be effectively
generated by a dynamic pressure of the pressurized
gas in the first space.
(4) In several embodiments, the above configuration
(2) or (3) is provided with a third passage connecting
a discharge side of the first cylinder unit and the sec-
ond space, and a fourth passage connecting the sec-
ond space and a suction side of the second cylinder
unit.
According to the above configuration (4), the first

pressurized gas discharged from the first cylinder
unit is supplied to the second space via the third pas-
sage. The pressurized gas supplied to the second
space passes through the second space and is sup-
plied to the second cylinder unit via the fourth pas-
sage. Since the first pressurized gas is supplied to
the second cylinder unit by way of the second space
in this way, a pressure corresponding to the second
cylinder unit can be effectively generated by a dy-
namic pressure of the pressurized gas.
(5) In several embodiments, in the above configura-
tion (4), a radiating fin is provided on an outer surface
of the third passage.
Since the first pressurized gas is hot by being com-
pressed in the first cylinder unit, the first pressurized
gas is preferably cooled before being supplied to the
second cylinder unit. According to the above config-
uration (5), the radiating fin is provided on the outer
surface of the third passage in which the first pres-
surized gas discharged from the first cylinder unit
passes. Thus, the cooling of the first pressurized gas
is promoted by the radiating fin when the first pres-
surized gas passes in the third passage. In this way,
an intermediate cooler provided between the first
and second cylinder units can be reduced in size or
the intermediate cooler needs not be provided if a
cooling effect by the radiating fin is sufficient, and
the device can be reduced in size.
(6) In several embodiments, the above configuration
(2) or (3) is provided with a fifth passage connecting
a discharge side of the first cylinder unit and a suction
side of the second cylinder unit, and a sixth passage
branched from the fifth passage and connected to
the second space.
According to the above configuration (6), the first
pressurized gas discharged from the first cylinder
unit is supplied to the second cylinder unit via the
fifth passage. Here, the sixth passage is branched
from the fifth passage and connected to the second
space, and the second space can be pressurized by
supplying part of the first pressurized gas to the sec-
ond space. In this case, since the sixth passage can
be designed independently of the fifth passage for
supplying the first pressurized gas to the second cyl-
inder unit, a more flexible device configuration can
be obtained.
(7) In several embodiments, in the above configura-
tion (6), a radiating fin is provided on an outer surface
of the sixth passage.
Since the first pressurized gas is hot by being com-
pressed in the first cylinder unit, the first pressurized
gas is preferably cooled before being supplied to the
second cylinder unit. According to the above config-
uration (7), the radiating fin is provided on the outer
surface of the sixth passage in which part of the first
pressurized gas discharged from the first cylinder
unit passes. Thus, the cooling of the first pressurized
gas is promoted by the radiating fin when the first
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pressurized gas passes in the sixth passage. In this
way, the intermediate cooler provided between the
first and second cylinder units can be reduced in size
or the intermediate cooler needs not be provided if
a cooling effect by the radiating fin is sufficient, and
the device can be reduced in size.
(8) In several embodiments, in any one of the above
configurations (1) to (7), the separation wall includes
an opening through which the input shaft penetrates,
and a sealing member sealing the opening while ro-
tatably supporting the input shaft.
According to the above configuration (8), the input
shaft penetrates through the opening provided in the
separation wall, whereby power can be input to the
first and second cylinder units separated by the sep-
aration wall. On the other hand, since the input shaft
is sealed in the opening by the sealing member while
being rotatably supported, the independence of the
first and second spaces partitioned by the separation
wall can be ensured. In this way, the first and second
spaces can be respectively appropriately pressu-
rized to pressures corresponding to the respective
cylinder units.
(9) In several embodiments, in the above configura-
tion (8), the first space is configured such that the
pressurized gas introduced into the first space is in-
jected toward the sealing member.
The sealing member for sealing the opening provid-
ed in the separation wall while rotatably supporting
the input shaft tends to get hot during the rotation of
the input shaft. According to the above configuration
(9), the sealing member can be cooled along with
the pressurization of the first space by injecting the
pressurized gas introduced into the first space to-
ward such a sealing member.
(10) In several embodiments, in the above configu-
ration (8) or (9), the second space is configured such
that the first pressurized gas introduced into the sec-
ond space is injected toward the sealing member.
The sealing member for sealing the opening provid-
ed in the separation wall while rotatably supporting
the input shaft tends to get hot during the rotation of
the input shaft. According to the above configuration
(10), the sealing member can be cooled along with
the pressurization of the second space by injecting
the first pressurized gas introduced into the second
space toward such a sealing member.
(11) In several embodiments, in the above configu-
ration (1), the first pressurized gas is introduced into
the first space, and the second pressurized gas is
introduced into the second space.
According to the above configuration (11), the first
space is pressurized by having the first pressurized
gas discharged from the first cylinder unit introduced
thereinto, whereby a pressure difference between
the first cylinder unit and the first space can be sup-
pressed, and the second space is pressurized by
having the second pressurized gas discharged from

the second cylinder unit introduced thereinto, where-
by a pressure difference between the second cylin-
der unit and the second space can be suppressed.
(12) In several embodiments, in the above configu-
ration (1), the pressurized gas is introduced into the
first space, and the second pressurized gas is intro-
duced into the second space.
According to the above configuration (12), the first
space is pressurized by having the pressurized gas,
which is intake air into the first cylinder unit, intro-
duced thereinto, whereby a pressure difference be-
tween the first cylinder unit and the first space can
be suppressed, and the second space is pressurized
by having the second pressurized gas discharged
from the second cylinder unit introduced thereinto,
whereby a pressure difference between the second
cylinder unit and the second space can be sup-
pressed.
(13) In several embodiments, in the above configu-
ration (1), the second pressurized gas is introduced
into the first space and the second space.
According to the above configuration (13), the first
and second spaces are pressurized by having the
second pressurized gas discharged from the second
cylinder unit introduced thereinto, whereby a pres-
sure difference between each cylinder unit and the
crank case can be suppressed.
(14) In several embodiments, in any one of the above
configurations (1) to (13), the reciprocating booster
compressor is an oil-free compressor.

[0009] According to the above configuration (14), a
load during an operation can be reduced, a heavy design
of each component such as bearings and pistons can be
avoided and a long product life can be obtained by ap-
propriately setting a pressure in the crank case in the oil-
free booster compressor desired to increase a discharge
pressure in the future.

Advantageous Effects

[0010] According to at least one embodiment of the
present invention, it is possible to provide a reciprocating
booster compressor capable of avoiding a heavy design
and achieving a long life by appropriately setting an in-
ternal pressure of a crank case in each cylinder unit for
performing multi-stage compression.

BRIEF DESCRIPTION OF DRAWINGS

[0011]

FIG. 1 is a sectional view showing the configuration
of a reciprocating booster compressor according to
a first embodiment,
FIG. 2 is one modification of FIG. 1,
FIG. 3 is a sectional view showing the configuration
of a reciprocating booster compressor according to
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a second embodiment,
FIG. 4 is a sectional view showing the configuration
of a reciprocating booster compressor according to
a third embodiment,
FIG. 5 is a sectional view showing the configuration
of a reciprocating booster compressor according to
a fourth embodiment, and
FIG. 6 is a sectional view showing the configuration
of a reciprocating booster compressor according to
a fifth embodiment.

DETAILED DESCRIPTION

[0012] Hereinafter, several embodiments of the
present invention will be described with reference to the
accompanying drawings. It is intended, however, that di-
mensions, materials, shapes, relative arrangements and
the like of components described in the embodiments or
shown in the drawings shall be interpreted as illustrative
only and not limitative of the scope of the present inven-
tion.
[0013] For example, an expression indicating a relative
or absolute arrangement such as "in a certain direction",
"along a certain direction", "parallel", "orthogonal", "cent-
er", "concentric" or "coaxial" shall be interpreted as not
only strictly indicating such an arrangement, but also in-
dicating a relatively displaced state with tolerances or at
such an angle or with such a distance as to provide the
same functions.
[0014] Further, for example, an expression indicating
a shape such as a rectangular shape or a cylindrical
shape shall be interpreted as not only indicating a shape
such as a rectangular shape or a cylindrical shape in a
geometrically strict sense, but also indicating a shape
including an uneven part or a chamfered part in such a
range that the same effects are obtained.
[0015] On the other hand, an expression such as "com-
prise", "include", "have", "contain" and "constitute" are
not intended to be exclusive of other components.

<First Embodiment>

[0016] FIG. 1 is a sectional view showing the configu-
ration of a reciprocating booster compressor (hereinafter,
referred to as a "compressor" as appropriate) according
to a first embodiment. The compressor 1 is an oil-free
reciprocating compressor, and a pressurized gas having
a higher pressure than an atmospheric pressure is intro-
duced into the compressor 1 via a first passage 2, which
is a supply pipe, from an external gas supply source (not
shown). The compressor 1 compresses the pressurized
gas introduced from the first passage 2 in a plurality of
cylinder units (first cylinder unit LP and second cylinder
unit HP) connected in series to each other and discharges
the compressed gas toward an external supply destina-
tion (not shown) from a discharge pipe 4.
[0017] It should be noted that although the oil-free com-
pressor 1 is mainly described below, an application to an

oil lubricated compressor 1 is also possible unless oth-
erwise specified.
[0018] The compressor 1 has an input shaft 5 which
can be rotationally driven by power input from an external
power source (not shown) such as an electric motor. The
input shaft 5 is integrally formed to a crankshaft 10 con-
stituting a crank mechanism 8 accommodated in a crank
case 6 provided in a lower part of the compressor 1. The
crankshaft 10 is rotatably supported by bearings 12, 14
provided in the crank case 6. Further, the input shaft 5
penetrates through the crank case 6 on the side of the
bearing 12, and the inside of the crank case 6 is tightly
sealed from outside by a sealing member 16.
[0019] One end of each of connecting rods 18, 20 cor-
responding to the first and second cylinder units LP, HP
provided above the crank case 6 is pivotally supported
on the crankshaft 10 via a sealing member 22, 24. The
other ends of the connecting rods 18, 20 are pivotally
supported on pistons 30, 32 inserted into cylinders 26,
28 constituting the first and second cylinder units LP, HP.
[0020] It should be noted that since the compressor 1
is oil-free, composite pistons (composite resin pistons)
are, for example, used as the pistons 30, 32 and a method
for fixing unillustrated piston ring abutments at positions
where no leakage is theoretically made during compres-
sion is employed to suppress leakage from compression
chambers.
[0021] Further, a separation wall 34 is provided in an
inner wall of the crank case 6. In this way, the inside of
the crank case 6 is divided into a first space 36 corre-
sponding to the first cylinder unit LP and a second space
38 corresponding to the second cylinder unit HP. The
separation wall 34 is formed with an opening 40 through
which the crankshaft 10 configured integrally to the input
shaft 5 penetrates. A sealing member 42 for sealing the
opening 40 is disposed in the opening 40 while rotatably
supporting the crankshaft 10. In this way, the first and
second spaces 36, 38 are separated from each other by
the separation wall 34 provided inside the crank case 6.
[0022] An intake chamber 46 having an inlet port for
introducing intake air and an exhaust chamber 50 having
an outlet port for discharging a first pressurized gas after
compression in the first cylinder unit LP are defined via
a separation wall 52 on a top wall of the cylinder 26 of
the first cylinder unit LP. The intake chamber 46 and the
exhaust chamber 50 communicate with the inside of the
cylinder 26 through an intake port 53 and an exhaust port
54. A valve (not shown) for preventing a backflow is pro-
vided in each of the intake port 53 and the exhaust port 54.
[0023] An intake chamber 58 having an inlet port for
introducing intake air and an exhaust chamber 62 having
an outlet port for discharging a second pressurized gas
after compression in the second cylinder unit HP are de-
fined via a separation wall 64 on a top wall of the cylinder
28 of the second cylinder unit HP. The intake chamber
58 and the exhaust chamber 62 communicate with the
inside of the cylinder 28 through an intake port 66 and
an exhaust port 68. A valve (not shown) for preventing a
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backflow is provided in each of the intake port 66 and the
exhaust port 68.
[0024] The first passage 2 to which the pressurized
gas is supplied is connected to communicate with the
first space 36 of the crank case 6, and the first space 36
is connected to a suction side of the first cylinder unit LP
via a second passage 70. Thus, the pressurized gas sup-
plied from the first passage 2 is sucked into the first cyl-
inder unit LP via the first space 36. In this way, the first
space 36 is pressurized to a pressure substantially equal
to a pressure in the intake chamber 46 by the pressurized
gas. As a result, a pressure difference between the first
space 36 and the intake chamber 46 is reduced and a
load of the first cylinder unit LP during driving is mitigated.
[0025] A discharge side of the first cylinder unit LP is
connected to the second space 38 of the crank case 6
by a third passage 72, and the second space 38 is con-
nected to a suction side of the second cylinder unit HP
by a fourth passage 74. Thus, the first pressurized gas
discharged from the first cylinder unit LP is sucked into
the second cylinder unit HP via the second space 38. In
this way, the second space 38 is pressurized to a pres-
sure substantially equal to a pressure in the intake cham-
ber 58 by the first pressurized gas. As a result, a pressure
difference between the second space 38 and the intake
chamber 58 is reduced and a load of the second cylinder
unit HP during driving is mitigated. It should be noted that
an intermediate cooler (not shown) may be provided in
the third passage 72.
[0026] Since the first and second spaces 36, 38 are
separated from each other by the separation wall 34 here,
the first and second spaces 36, 38 can respectively gen-
erate independent pressures. Since the inside of the
crank case 6 can be divided into a plurality of spaces
corresponding to the respective cylinder units and each
cylinder unit can be set to a corresponding pressure in
this way, a pressure difference between each cylinder
unit and the crank case 6 can be appropriately sup-
pressed. Thus, a load to components such as the bear-
ings 12, 14 of the crankshaft 10 constituting the crank
mechanism 8 can be reduced and a long product life can
be achieved. Further, a high energy saving effect can be
obtained.
[0027] FIG. 2 is one modification of FIG. 1. As shown
in FIG. 2, the third passage 72 is constituted by a pipe-
like member in which the first pressurized gas discharged
from the first cylinder unit LP passes, and a radiating fin
76 is provided on the outer surface of the third passage
72. Since the first pressurized gas discharged from the
first cylinder unit LP has a high temperature, the first pres-
surized gas is preferably cooled when being supplied to
the second cylinder unit HP on a high-pressure side. Con-
ventionally, such a hot compressed gas from a low-pres-
sure side has been often cooled using an external device
such as an intermediate cooler. However, in this embod-
iment, the first pressurized gas can be effectively cooled
when passing in the third passage 72 by providing the
radiating fin 76 on the outer surface of the third passage

72. In this way, in the case of providing an intermediate
cooler (not shown) between the first and second cylinder
units LP, HP, the intermediate cooler can be reduced in
size. Alternatively, if a cooling effect by the radiating fin
76 is sufficient, the intermediate cooler needs not be pro-
vided. As a result, the device can be reduced in size.
[0028] Further, the third passage 72 is connected be-
tween the separation wall 34 of the crank case 6 and the
second cylinder unit HP, and an outlet side thereof is
open toward the sealing member 42. The sealing mem-
ber 42 tends to get hot during driving since the sealing
member 42 seals the opening 32 provided in the sepa-
ration wall 34 while rotatably supporting the crankshaft
10. Accordingly, the sealing member 42 can be cooled
along with the pressurization of the second space 38 by
injecting the first pressurized gas introduced into the first
space 36 toward such a sealing member 42. Particularly
in the case of providing the radiating fin 76 on the third
passage 72 as shown in FIG. 2, the sealing member 42
can be more effectively cooled since the first pressurized
gas after cooling can be supplied from the third passage
72.
[0029] It should be noted that, similarly to the afore-
mentioned third passage 72, the first passage 2 may also
be connected between the separation wall 34 of the crank
case 6 and the first cylinder unit LP, and an outlet side
thereof may be open toward the sealing member 42. By
injecting the introduced pressurized gas toward the seal-
ing member 42 also in the first space 36 in this way, the
sealing member 42 can be cooled along with the pres-
surization of the first space 36.
[0030] Particularly, if the first and third passages 2, 72
are both configured such that the outlet sides thereof are
open toward the sealing member 42, the sealing member
42 is cooled from both sides (first space 36 and second
space 38), wherefore temperature can be more effec-
tively suppressed.

<Second Embodiment>

[0031] FIG. 3 is a sectional view showing the configu-
ration of a reciprocating booster compressor (hereinafter,
referred to as a "compressor" as appropriate) according
to a second embodiment. It should be noted that com-
ponents corresponding to those of the aforementioned
first embodiment are denoted by common reference
signs in FIG. 3 and overlapping description is omitted as
appropriate.
[0032] In the second embodiment, an exhaust cham-
ber 50 on a discharge side of a first cylinder unit LP is
connected to an intake chamber 58 on a suction side of
a second cylinder unit HP by a fifth passage 82. That is,
the discharge side of the first cylinder unit LP is connected
to the suction side of the second cylinder unit HP by way
of the second space 38 in the first embodiment, whereas
both sides are directly connected without by way of a
second space 38 in the second embodiment.
[0033] A sixth passage 86 connected to the second
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space 38 is branched from a branch point 84 at an inter-
mediate position of the fifth passage 82. In this way, part
of a first pressurized gas flowing in the fifth passage 82
is supplied to the second space 38 via the sixth passage
86. As just described, since the sixth passage 86 can be
designed independently of the fifth passage 82 for sup-
plying the first pressurized gas to the second cylinder
unit HP, a more flexible device configuration can be ob-
tained.
[0034] Similarly to the third passage 72 shown in FIG.
2, the sixth passage 86 connected to the second space
38 may be provided with a radiating fin 76 on the outer
surface thereof. In this way, the first pressurized gas sup-
plied to the second space 38 can be cooled and a cooling
effect of cooling the second space 38 (particularly, seal-
ing member 42) can be enhanced.
[0035] Further, similarly to the third passage 72 of the
first embodiment, the sixth passage 86 connected to the
second space 38 may also be configured such that the
first pressurized gas supplied from the sixth passage 86
to the second space 38 is injected toward the sealing
member 42 provided in a separation wall 34 from the side
of the second space 38. Also in this case, the first pres-
surized gas supplied from the sixth passage 86 is sup-
plied to the sealing member 42, whereby the sealing
member 42 is effectively cooled.

<Third Embodiment>

[0036] FIG. 4 is a sectional view showing the configu-
ration of a reciprocating booster compressor according
to a third embodiment. It should be noted that compo-
nents corresponding to those of each aforementioned
embodiment are denoted by common reference signs in
FIG. 4 and overlapping description is omitted as appro-
priate.
[0037] In the present embodiment, a first pressurized
gas discharged from a first cylinder unit LP is introduced
into a first space 36. The first pressurized gas introduced
into the first space 36 has a pressure at least higher than
a pressure in the first space 36. In an example of FIG. 4,
the first pressurized gas supplied to the first space 36 is
introduced via a sixth passage 86 branched from a fifth
passage 82 allowing communication between a dis-
charge side of the first cylinder unit LP and a suction side
of a second cylinder unit HP.
[0038] It should be noted that a pressure reducing
valve for adjusting a pressure of the first pressurized gas
to an appropriate value may be arranged in the sixth pas-
sage 86 for supplying the first pressurized gas to the first
space 36. In this way, the first space 36 is pressurized
using the first pressurized gas discharged from the first
cylinder unit LP, whereby a pressure difference between
the first cylinder unit LP and the first space 36 can be
suppressed.
[0039] A second pressurized gas discharged from the
second cylinder unit HP is introduced into another second
space 38. The second pressurized gas introduced into

the second space 38 has a pressure at least higher than
a pressure in the second space 38. In the example of
FIG. 4, the second pressurized gas supplied to the sec-
ond space 38 is introduced via a seventh passage 88
branched from a discharge pipe 4 of the second cylinder
unit HP.
[0040] It should be noted that a pressure reducing
valve for adjusting a pressure of the second pressurized
gas to an appropriate value may be arranged in the sev-
enth passage 88 for supplying the first pressurized gas
to the second space 38. In this way, the second space
38 is pressurized using the second pressurized gas dis-
charged from the second cylinder unit HP, whereby a
pressure difference between the second cylinder unit HP
and the second space 38 can be suppressed.

<Fourth Embodiment>

[0041] FIG. 5 is a sectional view showing the configu-
ration of a reciprocating booster compressor according
to a fourth embodiment. It should be noted that compo-
nents corresponding to those of each aforementioned
embodiment are denoted by common reference signs in
FIG. 5 and overlapping description is omitted as appro-
priate.
[0042] In the present embodiment, a pressurized gas
supplied from a first passage (supply pipe) 2 is introduced
into a first space 36 as in the aforementioned first and
second embodiments. In this way, the first space 36 is
pressurized using the pressurized gas supplied from the
supply pipe 2, whereby a pressure difference between a
first cylinder unit LP and the first space 36 can be sup-
pressed.
[0043] A second pressurized gas discharged from a
second cylinder unit HP is introduced into another second
space 38. The second pressurized gas introduced into
the second space 38 has a pressure at least higher than
a pressure in the second space 38. In an example of FIG.
5, the second pressurized gas supplied to the second
space 38 is introduced via a seventh passage 88
branched from a discharge pipe 4 of the second cylinder
unit HP as in the aforementioned third embodiment.
[0044] It should be noted that a pressure reducing
valve for adjusting a pressure of the second pressurized
gas to an appropriate value may be arranged in the sev-
enth passage 88 for supplying the first pressurized gas
to the second space 38. In this way, the second space
38 is pressurized using the second pressurized gas dis-
charged from the second cylinder unit HP, whereby a
pressure difference between the second cylinder unit HP
and the second space 38 can be suppressed.

<Fifth Embodiment>

[0045] FIG. 6 is a sectional view showing the configu-
ration of a reciprocating booster compressor according
to a fifth embodiment. It should be noted that components
corresponding to those of each aforementioned embod-
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iment are denoted by common reference signs in FIG. 6
and overlapping description is omitted as appropriate.
[0046] In the present embodiment, a second pressu-
rized gas supplied from a second cylinder unit HP is in-
troduced into a first space 36. The second pressurized
gas introduced into the first space 36 has a pressure at
least higher than a pressure in the first space 36. In an
example of FIG. 6, the second pressurized gas supplied
to the first space 36 is introduced via an eighth passage
90 branched from a discharge pipe 4 of the second cyl-
inder unit HP.
[0047] It should be noted that a pressure reducing
valve for adjusting a pressure of the second pressurized
gas to an appropriate value may be arranged in the eighth
passage 90 for supplying the second pressurized gas to
the first space 36. In this way, the first space 36 is pres-
surized using the second pressurized gas discharged
from the second cylinder unit HP, whereby a pressure
difference between the first cylinder unit LP and the first
space 36 can be suppressed.
[0048] The second pressurized gas discharged from
the second cylinder unit HP is introduced into another
second space 38. The second pressurized gas intro-
duced into the second space 38 has a pressure at least
higher than a pressure in the second space 38. In the
example of FIG. 6, the second pressurized gas supplied
to the second space 38 is introduced via a seventh pas-
sage 88 branched from the discharge pipe 4 of the sec-
ond cylinder unit HP as in the aforementioned third and
fourth embodiments.
[0049] It should be noted that a pressure reducing
valve for adjusting the pressure of the second pressu-
rized gas to an appropriate value may be arranged in the
seventh passage 88 for supplying the first pressurized
gas to the second space 38. In this way, the second space
38 is pressurized using the second pressurized gas dis-
charged from the second cylinder unit HP, whereby a
pressure difference between the second cylinder unit HP
and the second space 38 can be suppressed.
[0050] As described above, according to the above
embodiments, a reciprocating booster compressor can
be provided which can achieve a long life and obtain a
high energy saving effect by appropriately setting an in-
ternal pressure of a crank case in each cylinder unit for
performing multi-stage compression.

Industrial Applicability

[0051] At least one embodiment of the present inven-
tion is applicable to a reciprocating booster compressor
capable of further compressing a pressurized gas sup-
plied from outside by reciprocating motions of pistons in
cylinders.

Reference Signs List

[0052]

1 compressor
2 first passage (supply pipe)
4 discharge pipe
5 input shaft
6 crank case
8 crank mechanism
10 crankshaft
12, 14 bearing
16, 22, 24, 42 sealing member
18, 20 connecting rod
26, 28 cylinder
30, 32 piston
34 separation wall
36 first space
38 second space
70 second passage
72 third passage
74 fourth passage
76 radiating fin
82 fifth passage
86 sixth passage
88 seventh passage
90 eighth passage
LP first cylinder unit
HP second cylinder unit

Claims

1. A reciprocating booster compressor, comprising:

a crank mechanism for converting a rotational
motion of an input shaft to which power is input
into a reciprocating motion;
a crank case accommodating the crank mech-
anism; and
a plurality of cylinder units capable of compress-
ing a gas by being driven by the reciprocating
motion converted in the crank mechanism,
wherein
the plurality of cylinder units include:

a first cylinder unit compressing a pressu-
rized gas supplied from outside and gener-
ating a first pressurized gas having a higher
pressure than the pressurized gas; and
a second cylinder unit connected in series
to the first cylinder unit, the second cylinder
unit further compressing the first pressu-
rized gas and generating a second pressu-
rized gas having a higher pressure than the
first pressurized gas,

the crank case includes a first space corre-
sponding to the first cylinder unit and a second
space corresponding to the second cylinder unit,
the first space and the second space are sepa-
rated from each other by a separation wall pro-

13 14 



EP 3 604 807 A1

9

5

10

15

20

25

30

35

40

45

50

55

vided inside the crank case, and
at least one of the first space or the second
space is pressurized by having any one of the
pressurized gas, the first pressurized gas or the
second pressurized gas introduced thereinto.

2. The reciprocating booster compressor according to
claim 1, wherein:

the pressurized gas is introduced into the first
space, and
the first pressurized gas is introduced into the
second space.

3. The reciprocating booster compressor according to
claim 2, further comprising:

a first passage connecting an intake port for the
pressurized gas and the first space; and
a second passage connecting the first space
and a suction side of the first cylinder unit.

4. The reciprocating booster compressor according to
claim 2 or 3, further comprising:

a third passage connecting a discharge side of
the first cylinder unit and the second space; and
a fourth passage connecting the second space
and a suction side of the second cylinder unit.

5. The reciprocating booster compressor according to
claim 4, wherein a radiating fin is provided on an
outer surface of the third passage.

6. The reciprocating booster compressor according to
claim 2 or 3, further comprising:

a fifth passage connecting a discharge side of
the first cylinder unit and a suction side of the
second cylinder unit; and
a sixth passage branched from the fifth passage
and connected to the second space.

7. The reciprocating booster compressor according to
claim 6, wherein a radiating fin is provided on an
outer surface of the sixth passage.

8. The reciprocating booster compressor according to
any one of claims 1 to 7, wherein the separation wall
includes:

an opening through which the input shaft pene-
trates; and
a sealing member sealing the opening while ro-
tatably supporting the input shaft.

9. The reciprocating booster compressor according to
claim 8, wherein the first space is configured such

that the pressurized gas introduced into the first
space is injected toward the sealing member.

10. The reciprocating booster compressor according to
claim 8 or 9, wherein the second space is configured
such that the first pressurized gas introduced into
the second space is injected toward the sealing
member.

11. The reciprocating booster compressor according to
claim 1, wherein:

the first pressurized gas is introduced into the
first space, and
the second pressurized gas is introduced into
the second space.

12. The reciprocating booster compressor according to
claim 1, wherein:

the pressurized gas is introduced into the first
space, and
the second pressurized gas is introduced into
the second space.

13. The reciprocating booster compressor according to
claim 1, wherein the second pressurized gas is in-
troduced into the first space and the second space.

14. The reciprocating booster compressor according to
any one of claims 1 to 13, wherein the reciprocating
booster compressor is an oil-free compressor.

15 16 



EP 3 604 807 A1

10



EP 3 604 807 A1

11



EP 3 604 807 A1

12



EP 3 604 807 A1

13



EP 3 604 807 A1

14



EP 3 604 807 A1

15



EP 3 604 807 A1

16

5

10

15

20

25

30

35

40

45

50

55



EP 3 604 807 A1

17

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2009133282 A [0004]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

