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DESCRIPTION

SCREW COMPRESSOR

Technical Field
[0001]

The present invention relates to a screw compressor, and
more particularly to an arrangement structure of a gas cooler in

a screw compressoxr.

Background Art
[0002]

The screw compressor is provided with a gas cooler for
cooling gas which has high temperature and high pressure by
compression.

[0003]

Patent Document 1 discloses a compact screw compressor in
which a cooler casing and a step-up gear casing are integrally
made of a cast material, and a compressor and an electric motor
are mounted on the step-up gear casing part of the integrated
casings.

Prior Art Document
Patent Document
[0004]

Patent Document 1: JP 2002-21759 A
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Disclosure of the Invention
Problems to be Solved by the Invention
[0005]

The screw compressor mentioned in Patent Document 1 has a
casing structure in which the cooler casing part, the step-up gear
casing part, and the like are integrally formed of the cast
material. Because of this, if any trouble occurs in the cooler
casing part, work of removing and replacing the entire integrated
casing structure will be required, which is a significant burden.
[0006]

The cooler casing part is regarded as a pressure vessel and
needs to be compliant with laws and regulations of each country.
Further, the step-up gear casing part integrally formed with the
cooler casing part can also be regarded as a pressure vessel, and
thus inevitably has the same properties as the pressure vessel.
Such a step-up gear casing part is of undue quality, which is more
than needed in terms of structure and material. Consequently,
the manufacturing cost of the step-up gear casing part increases,
which leads to an increase in the manufacturing cost of the screw
compressor as well.

[0007]

Therefore, in view of these technical problems to be solved
by the present invention, it is an object of the present invention
to provide a screw compressor which can easily detach a gas cooler

from a step-up gear without compromising compactness and can be
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manufactured at low cost.

Means for Solving the Problems
[0008]

To solve the above-mentioned technical problems, the
present invention provides the following screw compressor.
[0009]

That is, a screw compressor is characterized by including:

a écrew compressor main body;

a motor for driving the screw compressor main body;

a gearbox interposed between the screw compressor main body
and the motor to transmit a driving force of the motor to the screw
compressor main body; and

a gas cooler positioned below either the screw compressor
main body or the motor and attached as a separate body to a side

surface of the gearbox.

Effects of the Invention
[0010]

With the above-mentioned configuration, the gas cooler is
positioned below either the screw compressor main body or the
motor and attached as a separate body to a side surface of the
gearbox, thereby making it possible to easily remove the gas
cooler, though the screw compressor is compact. As the gearbox

separately provided from the gas cooler is not regarded as a
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pressure vessel, the gearbox can adopt the optimal structure and
material required therefor, and the screw compressor can be

manufactured at low cost.

Briéf Description of the Drawings
[0011]

FIG. 1 is a front view of a screw compressor according to
an embodiment of the present invention.

FIG. 2 is a plan view of the screw compressor shown in FIG.

FIG. 3 is a side view of the screw compressor shown in FIG.

Embodiments of the Invention
foo12]

A screw compressor 1 according to an embodiment of the
present invention will be described with reference to FIGS. 1 to
3.

[0013]

FIG. 1 is a front view of the screw compressor 1 according
to an embodimeht of the present invention; FIG. 2 is a plan view
of the screw compressor; and FIG. 3 is a side view of the screw
compressor. The screw compressor 1 shown in FIGS. 1 to 3 includes
a motor 10, a screw compressor main body 20, a gearbox 30, a gas

cooler 40, and a base plate 7.
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[0014]

The screw compressor main body 20 is a two-stage screw
compressor that has a first stage compressor main body 22 on a
low pressure side and a second stage compressor main body 24 on
a high pressure side. The first stage compressor main body 22
is disposed on one side surface of the gearbox 30. The second
stage compressor main body 24 is disposed on one side surface of
the gearbox 30, which is the same side as the first stage compressor
main body 22. The screw compressor main body 20 is connected to
one side surface of the gearbox 30 in a state of being positioned
at a predetermined location.

[0015]

The first stage compressor main body 22 has a pair of male
and female screw rotors that rotate while meshing with each other.
The second stage compressor main body 24 has a pair of male and
female screw rotors that rotate while meshing with each other.
The respective screw rotors of the first stage compressor main
body 22 and the second stage compressor main body 24 compress a
fluid, such as gas.

[0016]

The motor 10 that supplies a driving force to the first stage
compressor main body 22 and the second stage compressor main body
24 is disposed on the other side surface of the gearbox 30. 1In
other words, the gearbox 30 is interposed between the screw

compressor main body 20 and the motor 10. The gearbox 30 is
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coupled to the first stage compressor main body 22 and the second
stage compressor main body 24. The motor 10 is connected to the
other side surface of the gearbox 30 via a substantially
cylindrical connection casing 15 in a state of being positioned
at a predetermined location. That is, a connection flange 16 of
the connection casing 15 is connected to a motor-side connection
flange 14 of the motor 10, while a coupling flange 17 of the
connection casing 15 is connected to a coupling end 18 of the
gearbox 30.

[0017]

The gearbox 30 has a substantially rectangular
parallelepiped shape that has allong side orthogonal to a motor
shaft of the motor 10 or a rotor shaft (hereinafter sometimes
simply referred to as a shaft) of the screw compressor main body
20, a short side extending in parallel to the shaft, and a height
orthogonal to the shaft. A gear méchanism (any element therein
not shown) is accommodated inside the gearbox 30. In the present
embodiment, a bull gear, a first pinion gear, and a second pinion
gear are accommodated és the gear mechanism. A coupling is
accommodated inside the connection casing 15.

[0018]

The motor shift of the motor 10 is coupled to an input shaft
of the gear mechanism via the coupling. The bull gear is attached
to the side of the input shaft opposite to the coupling side. The

input shaft inputs the driving force of the motor 10 to the gearbox
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30. The gear mechanism of the gearbox 30 transmits the driving
force of the motor 10 to each of the screw rotors of the first
stage compressor main body 22 and the second stage compressor main
body 24.

[0019]

One rotor shaft of the first stage compressor main body 22
extends within the gearbox 30, and the first pinion gear that
meshes with the bull gear is attached to a shaft end part of the
rotor shaft. One rotor shaft of the second stage compressor main
body 24 extends into the gearbox 30, and the second pinion gear
that meshes with the bull gear is attached to a shaft end paft
of the rotor shaft.

[0020]

The bull gear connected to the input shaft, which is coupled
to the motor shaft via the coupling, meshes with the first pinion
gear of the first stage compressor main body 22 and the second
pinion gear of the second stage compressor main body 24.
Therefore, once fhe motor 10 is activated, the driving force of
the motor 10 is input to the input shaft, transmitted from the
bull gear to the first pinion gear and the second pinion gear,
and then transmitted to the respective rotor shafts of the first
stage compressor main body 22 and the second stage compressor main
body 24. Then, the respective screw rotors of the first stage
compressor main body 22 and the second stage compressor main body

24 rotate to compress the fluid such as gas.
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[0021]

The gas cooler 40 configured separately from the gearbox
30 is disposed on one side surface of the gearbox 30 where the
screw compressor main body 20 is disposed. An attachment portion
36 of the gas cooler 40 is connected to an attachment portion 35
provided on one side surface of the gearbox 30 in a state of being
positioned at a predetermined location. Thus, the gas coolexr 40
is detachably attached to the gearbox 30 in a position lower than
the screw compressor main body 20. The screw compressor main body
20 on the upper side is connected to the gas cooler 40 on the lower
side by piping (not shown). The screw compressor main body 20
and the gas cooler 40 are positioned with respect to the gearbox
30 by using positioning pins so that the gas cooler 40 is arranged
below the screw compressor main body 20, which facilitates
handling of the piping for connecting both the screw compressor
main body 20 and the gas cooler 40 and shortens the length of the
piping.

[0022]

The gas cooler 40 is a pressure vessel provided for cooling
compressed gas discharged from the screw compressor main body 20.
The gas cooler 40 includes an intercooler (first gas cooler) 42
and an aftercooler (second gas cooler) 44, which are integrally
formed in a substantially rectangular parallelepiped shape. The
intercooler 42 is provided in a gas path between the first stage

compressor main body 22 and the second stage compressor main body
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24, and the aftercooler 44 is provided in a gas path disposed
downstream of the second stage compressor main body 24. The gas
cooler 40 may have a substantially rectangular parallelepiped
shape that has a long side orthogonal to the shaft, a short side
extending in parallel to the shaft, and a height orthogonal to
the shaft in order to effectively utilize an installation space.
[0023]

The intercooler 42 is a cooler for lowering the temperature
of the compressed gas that has its temperature increased by being
compressed in the first stage compressor main body 22. The
aftercooler 44 is a cooler for lowering the temperature of the
compressed gas that has its temperature increased by being
compressed in the second stage compressor main body 24. The gas
cooler 40 is, for example, a shell and tube type water-cooled heat
exéhanger.

[0024]

Within a heat exchange portion through which the compressed
gas circulates, a plurality of straight heat exchange pipes is
installed side by side. Cooling water (cooling medium) is caused
to flow through the inside of the heat exchange pipes. The
compressed gas to be cooled circulates around the heat exchange
pipes. It 1s noted that a part where the plurality of heat
exchange pipes is installed is called a tube nest portion. The
heat exchange pipes are arranged in parallel to each other.

Further, it is noted that piping and the like for inflow or outflow
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of the cooling water is not illustrated.
[0025]

A top wall portion 61 of a cooler casing 41 is respectively
provided with an inter-inlet port 45 connected to the discharge
side of the first stage compressor main body 22, an inter-outlet
port 46 connected to the suction side of the second stage
compressor main body 24, and an after-inlet port 47 connected to
the discharge side of the second stage compressor main body 24.
An after-outlet port 48 is provided at the lower side of a sidewall
portion 62 located on the side of an aftercooler 50 of the cooler
casing 41. Covers 63 are respectively attached to both side ends
of the cooler casing 41 to maintain ligquid tightness. The tube
nest portion is detachable from the cooler casing 41 and thus can
be easily replaced by removing the cover 63 in the event of trouble.
[0026]

The compression gas supplied to the first stage compressor
main body 22 is compressed by the first stage compressor main body
22, sent from the discharge port on the bottom surface side thereof
to the inter-inlet port 45 on the upper surface side of the
intercooler 42, cooled by the intercooler 42, and then discharged
from the inter-outlet port 46 on the upper surface side of the
intercooler 42. Thereafter, the compressed gas is supplied to
the second stage compressor main body 24 and further compressed
by the second stage compressor main body 24. Subsequently, the

compressed gas 1is sent from the discharge port on the bottom

10
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surface side of the second stage compressor main body 24 to the
after-inlet port 47 on the upper surface side of the aftercooler
50, cooled by the aftercooler 50, and then discharged from the
after-outlet port 48. It should be noted that since the screw
compressor main body 20 and the gas cooler 40 are connected
together in a state of being positioned with respect to the gearbox
30, the length of the piping connecting both of them is
mechanically determined. Thus, there is no need to provide an
error buffering member, such as an expansion pipe joint for
buffering an error in the pipe installation length, at some
midpoint of the piping. Further, the length of the piping becomes
as short as possible by arranging a discharge port on the bottom
surface side of the screw compressor main body 20 and arranging
an introduction port on the top surface side of the gas cooler
40.

[0027]

A support end portion 49 is provided at a position below
the cooler casing 41 and away from the gearbox 30. For example,
as shown in FIG. 2, the support end portion 49 is arranged at one
site located farthest away from the gearbox 30 and substantially
at the center of the long side of the cooler casing 41 as shown
in FIG. 3. Avibration isolator 53 is interposed between the lowerv
surface of the support end portion 49 and the upper surface of
the base plate 7. The vibration isolator 53 is arranged not at

one end and the other end of the long side of the cooler casing

11
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41, but substantially at the center of the long side. A connection
port for introducing or guiding out the compressed gas, such as
the after-outlet port 48, any cooling-water piping, and the like
are provided on the side of an end of the long side of the cooler
casing 41 shown in FIG. 3 in many cases. Such provision needs
consideration not to interrupt a replacement work of the tube nest
portion in the gas cooler 40. For this reason, the vibration
isolator 53 is preferably provided substantially at the center
in the long-side direction (direction orthogonal to the éhaft)
of the cooler casing 41 rather than on the side of the end of the
long side of the cooler casing 41. Therefore, the arrangement
of the vibration isolator 53 substantially at the center of the
long side of the cooler casing 41 improves flexibility in the
configuration of the heat exchange portion in the gas cooler 40,
which facilitates the replacement work of the tube nest portion
in the gas cooler 40.
[0028]

Support end portions 38 and 39 are provided under the gearbox
30. For example, as shown in FIG. 3, the support end portions
38 and 39 are arranged at one end and the other end of the long
side of the gearbox 30, respectively. Vibration isolators 51 and
52 are interposed between the lower surfaces of the support end
portions 38 and 39 and the upper surface of the base plate 7,
respectively. That is, the two vibration isolators 51 and 52 are

arranged spaced apart from each other in the direction of the long

12
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side of the gearbox 30 (the direction orthogonal to the shaft).
The side of the gearbox 30 is supported by the minimum necessary
vibration isolators 51 and 52, thereby making it possgible to

reduce the cost.

[0029]

ThegearboxBO133whichthemotor10andthescréwcompressor
ﬁain body 20 are connected and the gas cooler 40 are placed on
the base plate 7 via the vibration isolators 51, 52, and 53. The
gearbox 30 and the gas cooler 40 are supported at three points,
namely, the vibration isolators 51, 52, and 53, so that the gearbox
30 and the gas cooler 40 can be stably freestanding when placed
on the base plate 7 or when detached from the base plate 7 and
placed in another position.

[0030]

The vibration isolators 51, 52, and 53 have predetermined
spring properties and hence have the function of attenuating
vibration transmitted from the gearbox 30 and the gas cooler 40
to the base plate 7. Each of the vibration isolators 51, 52, and
53 is, for example, a vibration isolating rubber. The vibration
isolators 51, 52, and 53 are preferably made of the same member,
i.e., the same material with the same shape. By using the same
member in the vibration isolators, the cost can be reduced.
[0031]

In the above-mentioned embodiment, the gas cooler 40 is

detachably attached as a separate body to the lower part of one

13



10

15

20

25

side surface, on the side of the screw compressor main body 20,
of the gearbox 30. Alternatively, in a modification, the gas
cooler 40 may be detachably attached to a lower part of the other
side surface, on the side of the motor 10, of the gearbox 30.
[0032]

As can be seen from the above description, the screw
compressor 1 according to the present invention comprises: the
scréw compressor main body 20; the motor 10 for driving the screw
compressor main body 20; the gearbox 30 interposed between the
screw compressor main body 20 and the motor 10 to transmit a driving
force of the motor 10 to the screw compressor main body 20; and
the gas cooler 40 positioned below either the screw compressor
main body 20 or the motor 10 and attached as a separate body to
a side surface of the gearbox 30.

[0033]

With the above-mentioned configuration, the gas cooler 40
is positioned below either the screw compressor main body 20 or
the motor 10 and attached as the separate body to the side surface
of the gearbox 30, thereby making it possible to easily detach
the gas cooler 40, though the screw compressor is compact. As
the gearbox 30 separately provided from the gas cooler 40 is not
regarded as a pressure vessel, the gearbox 30 can adopt the optimal
structure and material required therefor, and the screw
compressor 1 can be manufactured at low cost.

[0034]

14
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The present invention can have the following features in
addition to the features mentioned above.
[0035]

That is, the vibration isolators 51, 52, and 53 are disposed
between the base plate 7 on which the gearbox 30 and the gas cooler
40 are placed and the respective support end portions 38, 39, and
49 of the gearbox 30 and the gas cooler 40, respectively. With
this configuration, vibration transmitted from the gearbox 30 and
the gas cooler 40 to the base plate 7 can be attenuated.
[0036]

The gearbox 30 and the gas cooler 40 are placed on the base
plate 7 via the two vibration isolators 51 and 52 supporting the
gearbox 30 and the one vibration isolator 53 supporting the gas
cooler 40. With this configuration, the gearbox 30 and the gas
cooler 40 can be stably freestanding through three-point support.
[0037] |

The only one vibration isolator 53 disposed in the gas cooler
40 is arranged substantially at the center, in the direction
orthogonal to each of shafts of the motor 10 and the screw
compressor main body 20, of the gas cooler 40. With this
configuration, the gas cooler 40 has improved flexibility in the
configuration of the heat exchange portion therein, which
facilitates the replacement work of the tube nest portion in the
gas cooler 40.

[0038]

15
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Each of the vibration isolators 51 -and 52 disposed in the
gearbox 30 is arranged in a vicinity of each corresponding end,
in the direction orthogonal to each of shafts of the motor 10 and
the screw compressor main body 20, of the gearbox 30. With this
configuration, the side of the gearbox 30 is supported by the
minimum necessary vibration isolators 51 and 52, thereby making

it possible to reduce the cost.

Description of Reference Numerals
[0039]

1: Screw compressor

7: Base plate

10: Motor

14: Motor side connection flange

15: Connection casing

16: Connection flange

17: Coupling flange

18: Coupling end

20: Screw compressor main body

22: First stage compressor main body
24: Second stage compressor main body
30: Gearbox

35, 36: Attachment portion

39: Support end portion

40: Gas cooler

16
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41 :

42 :

44 .

45:

46 :

47 :

48 :

49

51,

61:

62:

63:

Cooler casing

Intercooler (first gas cooler)

Aftercooler (second gas cooler)

Inter-inlet port
Inter-outlet port
After-inlet port
After-outlet port

Support end portion

52, 53: Vibration isolator
Top wall portion

Sidewall portion

Cover
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CLAIMS

1. A screw compressor comprising:

a screw compressor main body;

a motor for driving the screw compressor main body;

a gearbox interposed between the screw compressor main body
and the motor to transmit a driving force of the motor to the screw
compressor main body; and

a gas cooler positioned below either the screw compressor
main body or the motor and attached as a separate body to a side

surface of the gearbox.

2. The screw compressor according to claim 1, wherein a
vibration isolator is disposed between a base plate on which the
gearbox and the gas cooler are placed and each of respective

support end portions of the gearbox and the gas cooler.

3. The screw compressor according to claim 2, wherein the
gearbox and the gas cooler are placed on the base plate via the
two vibration isolators supporting the gearbox and the one

vibration isolator supporting the gas cooler.

4. The screw compressor according to claim 2 oxr 3, wherein the
only one vibration isolator disposed in the gas cooler is arranged

substantially at a center, in.a direction orthogonal to each of

18
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'shafts of the motor and the screw compressor main body, of the

gas cooler.

5. The screw compressor according to claim 2 or 3, wherein each
of the vibration isolators disposed in the gearbox is arranged
in a vicinity of each corresponding end, in a direction orthogonal
to each of shafts of the motor and the screw compressor main body,

of the gearbox.

6. The screw compressor according to claim 4, wherein each of
the vibration isolators disposed in the gearbox is arranged in
a vicinity of each corresponding end, in a direction orthogonal
to each of shafts of the motor and the screw compressor main body,

of the gearbox.
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