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(54) OIL-FREE AIR COMPRESSOR

(57)  Thereis provided an oil-free air compressor that
prevents oil from entering a compressor body by pre-
venting a reverse rotation of the compressor body when
the compressor is in shutdown, while improving the rust
prevention effect, and that has improved reliability. An oil-
free air compressor 100 includes an oil-free compressor
body 1 that compresses air, and that outputs the com-
pressed air; a cooler 5 that is connected to the compres-
sor body, and that cools the compressed high-tempera-
ture air; a dry air supply mechanism for supplying dry air
to an output side of the compressor body; and a mechan-
ism for preventing a reverse rotation of the compressor
body during a shutdown of the compressor.
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Description
TECHNICAL FIELD

[0001] The present invention relates to an oil-free air
compressor such as an oil-free screw compressor.

BACKGROUND ART

[0002] There are oil-free (oil-less) and oil-lubricated air
compressors. An oil-free screw compressor does not use
lubricating oil or has a structure in which the lubricating oil
does not enter a compression chamber, and provides
clean compressed air that does not contain oil, and rotors
rotate without being in contact with each other, so thatthe
oil-free screw compressor has the advantage of having
good durability and requiring little maintenance.

[0003] In addition, in the air compressor, rust occurs
due to moisture contained in compressed air during shut-
down, which is a risk, and it is necessary to prevent rust
from occurring.

[0004] To address this problem, Patent Document 1
discloses a "rust prevention method for a compressor
during shutdown in which when the compressor is in
shutdown, dry gas containing no moisture or only a small
amount of moisture is suctioned into the compressor, gas
containing moisture remaining in the compressor is re-
placed with the dry gas, and the dry gas is sealed therein"
as a "rust prevention method for a compressor during
shutdown" (refer to claim 1).

CITATION LIST
PATENT DOCUMENT

[0005] Patent Document 1: JP H5-141350 A

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] Patent Document 1 discloses a technique in
which dry gas is suctioned into the compressor during
shutdown, gas containing moisture remaining in the
compressor is replaced with the dry gas, and the dry
gas is sealed therein, as the rust prevention method for a
compressor during shutdown.

[0007] Itisdesirablethata position wherethedrygasis
supplied is on a discharge side of a compressor body and
on a downstream side of a cooler. The reason is that air
compressed by the compressor body becomes moist air
when cooled by the cooler and it is very effective to
directly replace the moist air with the dry gas.

[0008] Inthe compressorbody, aninternal gap is main-
tained at several tens of um to prevent leakage of the air
during compression. When male and female rotors are
not in rotation, air has to pass through the very small gap
to flow from an intake port to a discharge port of the
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compressor body. Forthatreason, even when the dry gas
is supplied to a suction side, it is difficult for the dry gas to
flow to a discharge side, and this approach is not suitable
for the purpose of replacing the moist air with the dry gas.
[0009] On the other hand, when air is introduced into
the discharge side of the compressor body from the
outside, if a large amount of the dry air is introduced to
greatly improve the rust prevention effect, a force acts to
rotate the compressor body in a reverse direction. When
the compressor body rotates in the reverse direction, a
force acts to draw lubricating oil from bearings in the
direction of a working chamber. If the lubricating oil is
mixed into the working chamber, the advantage of the oil-
free compressor, such as providing clean compressed air
that does not contain oil, is impaired.

[0010] An object of the present invention is to provide
an oil-free air compressor that prevents oil from entering
acompressor body by preventing a reverse rotation of the
compressor body when the compressor is in shutdown,
while improving the rust prevention effect, and that has
improved reliability.

SOLUTIONS TO PROBLEMS

[0011] Inorderto solve the above-described problems,
one example of an "oil-free air compressor" of the present
invention is an oil-free air compressor including: an oil-
free compressor body that compresses air, and that out-
puts the compressed air; a cooler thatis connected to the
compressor body, and that cools the compressed high-
temperature air; adry air supply mechanism for supplying
dry air to an output side of the compressor body; and a
mechanism for preventing a reverse rotation of the com-
pressor body during a shutdown of the compressor.
[0012] In addition, another example of the "oil-free air
compressor" of the present invention is an oil-free air
compressor including: an oil-free low-pressure stage
compressor body and an oil-free high-pressure stage
compressor body that compress air, and that output
the compressed air; an intermediate-stage pipe connect-
ing the low-pressure stage compressor body and the
high-pressure stage compressor body; an intercooler
that is provided in an intermediate stage, and that cools
the compressed high-temperature air; an aftercooler
provided on an output side of the high-pressure stage
compressor body; a dry air supply mechanism for sup-
plying dry air to the intermediate-stage pipe; and a me-
chanism for preventing a reverse rotation of the low-
pressure stage compressor body during a shutdown of
the compressor.

EFFECTS OF THE INVENTION

[0013] Accordingtothe presentinvention, itis possible
to provide the oil-free air compressor that prevents the oil
from entering the compressor body by preventing the
reverse rotation of the compressor when the compressor
is in shutdown, while improving the rust prevention effect,
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and that has improved reliability.

[0014] Problems, configurations, and effects other
than those described above will be apparent from the
description of the following embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1 is a diagram showing an oil-free screw com-
pressor according to a first embodiment of the pre-
sent invention.

Fig. 2 is a diagram showing an oil-free screw com-
pressor according to a second embodiment of the
present invention.

Fig. 3 is a diagram showing an oil-free screw com-
pressor according to a third embodiment of the pre-
sent invention.

Fig. 4A is a schematic internal structure view show-
ing a state of a trochoid pump when in operation.
Fig. 4B is a schematic internal structure view show-
ing a state of the trochoid pump when closed.

Fig. 5 is a diagram showing an oil-free screw com-
pressor according to a fourth embodiment of the
present invention.

Fig. 6 is a diagram showing an oil-free screw com-
pressor according to a fifth embodiment of the pre-
sent invention.

Fig. 7 is a diagram showing an oil-free screw com-
pressor according to a sixth embodiment of the pre-
sent invention.

Fig. 8A is a cross-sectional plan view showing an
internal structure of a compressor body of an oil-free
SCrew cCompressor.

Fig. 8B is a cross-sectional front view showing an
internal structure of the compressor body of the oil-
free screw compressor.

MODE FOR CARRYING OUT THE INVENTION

[0016] Before embodiments of the present invention
will be described, an oil-free screw compressor that is
one example of an oil-free air compressor will be de-
scribed.

[0017] Figs.8Aand 8B show cross-sectional views of a
compressor body 1 of an oil-free screw compressor. Fig.
8Ais a cross-sectional plan view, and Fig. 8B is a cross-
sectional front view. The compressor body 1 is a capacity
control air compressor that generates compressed air by
allowing teeth of a pair of screw rotors, namely, a male
rotor 50A and a female rotor 50B to mesh with each other
in a state where a predetermined gap therebetween is
maintained and allowing the screw rotors to rotate at high
speed.

[0018] The male rotor 50A is integrated with or directly
coupled to a rotor shaft 48A, and the female rotor 50B is
integrated with or directly coupled to a rotor shaft 48B. In
the rotor shafts of the male rotor 50A and the female rotor
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50B, bearings 11A and 11B and bearings 12A and 12B
are disposed in the direction of an air suction-side end
portion and the direction of a discharge-side end portion,
respectively, and rotatably support the rotor shafts. In
addition, timing gears 9A and 9B are disposed at end
portions of the rotor shafts 48A and 48B, respectively, the
end portions being located further outside than the bear-
ings 12A and 12B, and as the male rotor 50A connected
to the rotor shaft 48A rotates, the male and female rotors
rotate relative to each other due to meshing between the
timing gears 9A and 9B. As the male and female rotors
rotate, air suctioned from an intake port41is compressed
in a working chamber 60, and then is supplied to a user
side from a discharge port 42 through a predetermined
compressed air path.

[0019] On a suction side of the rotor shafts 48A and
48B, a shaft seal portion 17 (17A and 17B) and a shaft
seal portion 18 (18A and 18B) are disposed between the
male and female rotors 50A and 50B and the bearings
11A and 11B. The shaft seal portion 18 is an air seal, and
is an annular member that reduces leakage of the air
compressed in the working chamber 60 to a bearing 11A
side and the like. The shaft seal portion 18 is in non-
contact with the rotor shaft 48A and the like, and a gap
therebetween is very small, approximately several tens
of um. The air seals 18A (male side) and 18B (female
side) are disposed on the rotor shafts 48 of the male and
female rotors 50A and 50B, respectively.

[0020] The shaft seal portion 17 is a screw seal, and
serves to prevent lubricating oil from entering the working
chamber 60, the lubricating oil being supplied to the
bearings 11A and 11B via a path 34. Spiral angle grooves
are applied to inner surfaces of the screw seals 17A and
17B, and the screw seals 17A and 17B are assembled in
non-contact with the rotor shaft 48A and the like so as to
maintain a very small gap therebetween. The rotation of
the rotor shaft48A and the like generates seal pressure in
the groove portions of inner-diameter portions, so that the
screw seals 17A and 17B act to push the lubricating oil
back to the sides of the bearings 11A and 11B.

[0021] In addition, a groove is formed in a circumfer-
ential direction on the rotor shaft 48A and the like be-
tween the shaft seal portions 17 and 18, and a hole
portion 43 communicating with the outside air from a
compressor body casing is formed at a position facing
the groove in the circumferential direction. The hole por-
tion 43 functions as a gas vent hole or the like for allowing
air leaking from the working chamber 60 to escape to the
outside of the compressor body 1.

[0022] In addition, an oil drain port 45 that collects the
lubricating oil which has lubricated the bearings 11A and
11B and returns the lubricating oil to an oil reservoir 47 of
a gear casing 2 is formed between the screw seals 17A
and 17B and the bearings 11A and 11B.

[0023] Similarly to the configuration on the suction side
of the rotor shafts 48A and 48B, a shaft seal portion 20 (air
seal) and a shaft seal portion 19 (screw seal) are also
disposed on a discharge side of the rotor shafts 48A and
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48B. The shaft seal portion 19 and the shaft seal portion
20 are disposed between the rotors 50A and 50B and the
bearings 12A and 12B. In addition, a hole portion 44
communicating with the outside air and functioning as
a gas vent for compressed air leaking from the working
chamber 60 is formed between the shaft seal portion 19
and the shaft seal portion 20 of the compressor body
casing.

[0024] Three bearings 12A and three bearings 12B are
disposed on each of the male and female rotor shafts.
Furthermore, in the compressor body casing, a path 33
for supplying the lubricating oil from above is formed at a
position between these three bearings 12. In addition, a
discharge port 46 that collects the lubricating oil from a
position between the bearings 12A and 12B and the
screw seals 19A and 19B is formed in the compressor
body casing. The lubricating oil supplied from the path 33
lubricates the bearings 12A and 12B, and then is col-
lected from the oil drain port 46.

[0025] A path 35 for supplying the lubricating oil to
above the timing gears 9A and 9B is formed in the
compressor body casing, and the lubricating oil lubri-
cates the timing gears 9A and 9B, and then is collected
in the oil reservoir 47 from the oil drain port 45 formed at a
lower portion. Incidentally, the path 35 is formed to branch
off from the path 33 midway on the compressor casing,
and the oil drain port 46 is formed to merge with the oil
drain port 45 midway.

[0026] When the compressor body rotates in a forward
direction, the shaft seal portion 17 (screw seal) acts to
push the lubricating oil back to the sides of the bearings
11A and 11B; however, when the compressor body ro-
tates in a reverse direction, the shaft seal portion 17 acts
to draw the lubricating oil from the bearings in the direc-
tion of the working chamber, so that it is not preferable
that compressor body rotates in the reverse direction.
[0027] According to the present invention, in such an
oil-free air compressor, the oil is prevented from entering
the compressor body by preventing reverse rotation of
the compressor body when the compressor is in shut-
down, while improving the rust prevention effect, and
reliability is improved.

[0028] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings.
However, the presentinvention should not be interpreted
as being limited to contents of the embodiments shown
below. Those skilled in the art would easily understand
that specific configurations of the present invention can
be changed without departing from the concept or scope
of the present invention.

[0029] In addition, in configurations of the invention to
be described below, the same reference signs are used
for the same portions or portions having the same func-
tions in common between different drawings, and dupli-
cate descriptions will be omitted.
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FIRST EMBODIMENT

[0030] Fig. 1 shows an oil-free screw compressor
according to a first embodiment of the present invention.
Incidentally, Fig. 1 shows a case where the minimum
necessary devices are installed, and other devices may
be installed.

[0031] A compressor 100 includes a compressor body
1, a gear casing 2, a motor 3a as a drive source for the
compressor body 1, and a motor 3c as a drive source for
an oil pump 24. A speed-increasing drive gear 6 is
attached to an output shaft of the motor 3a disposed
on a side surface of the gear casing 2. The speed-
increasing drive gear 6 meshes with a speed-increasing
driven gear 7 set to a predetermined gear ratio, and
transmits a driving force to a male rotor of the compressor
body 1 via a rotor shaft connected to the speed-increas-
ing driven gear 7.

[0032] The oil pump 24 is attached to a side surface of
the gear casing 2 through flange fitting, and a driving
force is transmitted to the oil pump 24 via an oil pump
drive gear 8A being attached to the motor 3c and an oil
pump driven gear 8B that meshes with the oil pump drive
gear 8A at a predetermined gear ratio.

[0033] The oil pump 24 is a pump that circulates lubri-
cating oil to various drive units of the compressor 100,
and pressure-feeds the lubricating oil to various oil paths
using the driving force transmitted via an oil pump shaft,
the various oil paths being disposed in the compressor
100. The oil pump 24 suctions the lubricating oil from an
oil reservoir 47 via an opening-closing valve 15, the oil
reservoir 47 being provided at a lower portion of the gear
casing 2, and pressure-feeds the lubricating oil to an oil
cooler (not shown) via a path 14. The oil cooler is an air-
cooled or water-cooled heat exchanger using a fan (not
shown), and cools the lubricating oil to a predetermined
temperature or less.

[0034] Air compressed to be high temperature by the
compressor body 1 becomes moist air when cooled in an
aftercooler 5. For that reason, replacing the moist air with
dry air is effective in preventing rust.

[0035] Inthe presentembodiment, a dry air supply line
23including adry air supply port 21 and a supply valve 22
is provided on a downstream side of the aftercooler 5, and
dry air stored in an air tank 28 is supplied to the dry air
supply line 23. The supply valve 22 is caused to perform
an opening and closing operation at a predetermined
timing by a control panel 32.

[0036] When the compressor is in shutdown, if high-
pressure dry air is supplied to a discharge side of the
compressor body 1, the pressure on the discharge side of
the compressor body 1 increases, thereby rotating the
compressor body 1 in a reverse direction, which is a risk.
Therefore, in the present embodiment, a brake device 70
that operates when the compressor is in shutdown is
provided for the compressor body 1.

[0037] The brake device 70 is connected to the male
rotor of the compressor body 1, and is controlled by the
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control panel 32 to prevent the male rotor from rotating
during the supply of the dry air. By employing this con-
figuration, the compressor body 1 can be prevented from
rotating in the reverse direction during the supply of the

dry air.
[0038] The operation of the compressor is as follows.
[0039] When the compressor is in operation, air is

suctioned into the compressor body 1 from an air suction
port 101 through an air suction pipe 103. The com-
pressed air that is compressed to be high temperature
by the compressor body 1 is cooled by the aftercooler 5,
and is output from a compressed air discharge port 102
via a check valve 25.

[0040] Whenthe compressorisin shutdown, the motor
3a is stopped and the compressor body 1 is stopped.
Then, an air release valve 26A connected between the
compressor body 1 and the aftercooler 5 is opened to
release pressure inside the compressor. Then, the dry air
stored in the airtank 28 is supplied to an output side of the
aftercooler 5 from the dry air supply line 23. The dry air
supplied from the supply port 21 is released into the
atmosphere from the air release valve 26A. At this time,
since the pressure on the discharge side of the compres-
sor body 1 increases due to the dry air supplied from the
supply port 21, a force acts to rotate the compressor body
1 in the reverse direction; however, since braking is
applied to the compressor body 1 by the brake device
70, the compressor body 1 is prevented from rotating in
the reverse direction even when high-pressure dry air is
supplied.

[0041] The brake device is one example of a mechan-
ism for preventing reverse rotation of the compressor
body. Any mechanism may be used as long as the
mechanism can prevent reverse rotation of the compres-
sor body, and as another example, a ratchet mechanism
or the like may be used.

[0042] According to the present embodiment, in the
single-stage compressor, while the rust prevention effect
is improved by supplying high-pressure dry air to the pipe
on the output side of the aftercooler when the compressor
is in shutdown, and the brake device that operates when
the compressor is in shutdown is provided for the com-
pressor body, so that reverse rotation of the compressor
body can be prevented. And, it is possible to provide the
oil-free air compressor that prevents the oil from entering
the compressor body and that has improved reliability.

SECOND EMBODIMENT

[0043] Fig. 2 shows an oil-free screw compressor ac-
cording to a second embodiment of the presentinvention.
Incidentally, Fig. 2 shows a case where the minimum
necessary devices are installed, and other devices may
be installed.

[0044] The compressor 100 includes a low-pressure
stage compressor body la, a high-pressure stage com-
pressor body 1b, the gear casing 2, and the motors 3a
and 3b as drive sources. The low-pressure stage com-
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pressor body 1a and the high-pressure stage compres-
sor body 1b are attached to the vicinity of an upper portion
of the side surface of the gear casing 2 through flange
fitting. Speed-increasing drive gears 6A and 6B are at-
tached to the output shafts of the motors 3a and 3b
disposed on the side surface of the gear casing 2. The
speed-increasing drive gears 6A and 6B mesh with
speed-increasing driven gears 7A and 7B set to a pre-
determined gear ratio, and transmit driving forces to a
male rotor of the low-pressure stage compressor body 1a
and a male rotor of the high-pressure stage compressor
body 1b via rotor shafts connected to the speed-increas-
ing driven gears 7A and 7B.

[0045] Anintercooler4 is provided on a discharge side
of the low-pressure stage compressor body 1a, and cools
air that is compressed to be high temperature. An inter-
mediate-stage pipe 13 connecting the intercooler 4 and
the high-pressure stage compressor body 1b is provided,
and supplies the compressed air cooled by the intercoo-
ler 4 to the high-pressure stage compressor body 1b.
[0046] The aftercooler 5 is provided on a discharge
side of the high-pressure stage compressor body Ib,
cools the air that is compressed to be high temperature,
and outputs the air via the check valve 25.

[0047] Since the air compressed by the low-pressure
stage compressor body 1a becomes moist air when
cooled in the intercooler 4, replacing the moist air and
dry air when the compressor is in shutdown is effective in
preventing rust. For that reason, the intermediate-stage
pipe 13 between the intercooler 4 and the high-pressure
stage compressor body 1b is provided with the dry air
supply line 23 including the dry air supply port 21 and the
supply valve 22, and the dry air stored in the air tank 28 is
supplied to the dry air supply line 23. The supply valve 22
is caused to perform an opening and closing operation at
a predetermined timing by the control panel 32.

[0048] When the compressor is in shutdown, if high-
pressure dry airis supplied to the intermediate-stage pipe
13, pressure on the discharge side of the low-pressure
stage compressor body 1a increases, thereby rotating
the low-pressure stage compressor body 1a in the re-
verse direction, which is a risk. Therefore, in the present
embodiment, the brake device 70 that operates when the
compressor is in shutdown is provided for the low-pres-
sure stage compressor body 1a.

[0049] The brake device 70 is connected to the male
rotor of the low-pressure stage compressor body la, and
is controlled by the control panel 32 to prevent the rotor
from rotating during the supply of the dry air. By employ-
ing this configuration, the low-pressure stage compres-
sor body can be prevented from rotating in the reverse
direction during the supply of the dry air.

[0050] The operation of the compressor is as follows.
[0051] When the compressor is in operation, air is
suctioned into the low-pressure stage compressor body
1a from the air suction port 101 through the air suction
pipe 103. The compressed air that is compressed to be
high temperature by the low-pressure stage compressor
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body 1a is cooled by the intercooler 4, and is supplied to
the high-pressure stage compressor body 1b. The com-
pressed air that is further compressed to be high tem-
perature by the high-pressure stage compressor body 1b
is cooled by the aftercooler 5, and is output from the
compressed air discharge port 102 via the check valve
25.

[0052] When the compressor is in shutdown, the mo-
tors 3a and 3b are stopped and the low-pressure stage
compressor body 1a and the high-pressure stage com-
pressor body 1b are stopped. Then, the air release valve
26A connected between the low-pressure stage com-
pressor body 1a and the intercooler 4 and an air release
valve 26B connected between the high-pressure stage
compressor body 1b and the aftercooler 5 are opened to
release pressure inside the compressor. Then, then, the
dry air stored in the air tank 28 is supplied to the inter-
mediate-stage pipe 13 from the dry air supply line 23
including the dry air supply port 21 and the supply valve
22. The dry air supplied from the supply port 21 to the
intermediate-stage pipe 13 is released into the atmo-
sphere from the air release valves 26A and the air release
valve 26B; however, since pressure in the intermediate-
stage pipe 13 increases due to the dry air supplied from
the supply port 21, a force acts to rotate the low-pressure
stage compressor body 1ain the reverse direction. At this
time, since braking is applied to the low-pressure stage
compressor body 1a by the brake mechanism 70, the
low-pressure stage compressor body 1a is prevented
from rotating in the reverse direction even when high-
pressure dry air is supplied.

[0053] Accordingtothe presentembodiment, while the
rust prevention effect is improved by supplying high-
pressure dry air to the intermediate-stage pipe when
the compressor is in shutdown, the brake device that
operates when the compressoris in shutdown is provided
for the low-pressure stage compressor, so that reverse
rotation of the compressor bodies can be prevented. And,
it is possible to provide a multi-stage oil-free air compres-
sor that prevents the oil from entering the compressor
bodies and that has improved reliability.

THIRD EMBODIMENT

[0054] Fig. 3 shows an oil-free screw compressor ac-
cording to a third embodiment of the present invention. In
the second embodiment, the motor is provided for each of
the low-pressure stage compressor body, the high-pres-
sure stage compressor body, and the oil pump that
supplies the lubricating oil; however, in the third embodi-
ment, these components are driven by one motor.

[0055] The compressor 100 includes the low-pressure
stage compressor body la, the high-pressure stage com-
pressor body Ib, the gear casing 2, and one motor 3 as a
drive source. The speed-increasing drive gear 6 and the
oil pump drive gear 8A are attached to an output shaft of
the motor 3 disposed on the side surface of the gear
casing 2. The speed-increasing drive gear 6 meshes with
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the speed-increasing driven gears 7A and 7B set to a
predetermined gear ratio, and transmits driving forces to
the male rotor of the low-pressure stage compressor
body 1a via the rotor shaft connected to the speed-
increasing driven gear 7A, and to the male rotor of the
high-pressure stage compressor body 1b via the rotor
shaft connected to the speed-increasing driven gear 7B.
[0056] Inaddition, the pump drive gear 8A meshes with
the oil pump driven gear 8B set to a predetermined gear
ratio. The pump driven gear 8B is connected to the oil
pump shaft penetrating to the outside of the gear casing
2, and transmits a driving force to the oil pump 24.
[0057] In the compressor 100 of the present embodi-
ment, the opening-closing valve 15 is provided on a
suction side of the oil pump 24, namely, between the
oil reservoir 47 and the oil pump 24.

[0058] Figs. 4A and 4B show a trochoid pump used as
the oil pump, Fig. 4A shows a state of the trochoid pump
when in operation, and Fig. 4B shows a state of the
trochoid pump when closed.

[0059] In the trochoid pump, a working chamber
formed by an inner rotor 51 and an outer rotor 52 pres-
sure-feeds the lubricating oil from a suction flow path 55
to a discharge flow path 56 by expanding and contracting
from a suction port 53 to a discharge port 54.

[0060] Here, when a force is applied to rotate the
trochoid pump in the reverse direction, the working cham-
ber expands and contracts from the discharge port 54 to
the suction port 53, so that the lubricating oil flows back to
the suction port 53 from the discharge port 54. At this
time, when the suction flow path 55 is closed, the lubri-
cating oil cannot be fed to the suction side, and a working
space cannot contract, so that the pump is locked.
[0061] By controlling the opening-closing valve 15 to
open during operation of the compressor 100 and to close
during stop, as shownin Fig. 4B, the suction side 55 of the
oil pump 24 is filled with the lubricating oil, so that reverse
rotation of the oil pump 24 can be prevented. Since the oil
pump 24 and the compressor bodies 1a and 1b are
connected to each other via the drive gear 6, the com-
pressor bodies 1a and 1b are not rotatable either if the oil
pump 24 is not rotatable. Therefore, reverse rotation of
the compressor bodies during stop of the compressor
can be prevented.

[0062] Incidentally, the trochoid pump has been pro-
vided as one example; however, any gear pump can be
used as long as the gear pump transfers a fluid through
meshing between teeth of gears.

[0063] According to the present embodiment, in the
multi-stage compressor, the low-pressure stage com-
pressor body, the high-pressure stage compressor body,
and the oil pump are driven by one motor via gears, and
the opening-closing valve that opens during operation of
the compressor and that closes during shutdown is pro-
vided on the suction side of the oil pump, so that reverse
rotation of the compressor bodies when the compressor
is in shutdown can be prevented. And, it is possible to
provide the oil-free air compressor that prevents the oil
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from entering the compressor bodies and that has im-
proved reliability.

FOURTH EMBODIMENT

[0064] Fig. 5 shows an oil-free screw compressor ac-
cording to a fourth embodiment of the present invention.
The third embodiment is a multi-stage compressor in-
cluding the low-pressure stage compressor body 1a and
the high-pressure stage compressor body 1b; however,
the present embodiment is a single-stage compressor
including one compressor body.

[0065] The compressor 100 includes the compressor
body 1, the gear casing 2, and one motor 3 as a drive
source. The speed-increasing drive gear 6 and the oil
pump drive gear 8A are attached to the output shaft of the
motor 3 disposed on the side surface of the gear casing 2.
The speed-increasing drive gear 6 meshes with the
speed-increasing driven gear 7 set to a predetermined
gear ratio, and transmits a driving force to the male rotor
of the compressor body 1 via the rotor shaft connected to
the speed-increasing driven gear 7. In addition, the pump
drive gear 8A meshes with the oil pump driven gear 8B set
toapredetermined gearratio. The pump drivengear 8B is
connected to the oil pump shaft penetrating to the outside
ofthe gear casing 2, and transmits a driving force to the oil
pump 24. The opening-closing valve 15is provided on the
suction side of the oil pump 24, namely, in the oil pump
suction path 14 between the oil reservoir 47 and the oil
pump 24.

[0066] As described in the first embodiment, the air
compressed to be high temperature by the compressor
body 1 becomes moist air when cooled in the aftercooler
5. For that reason, replacing the moist air with dry air is
effective in preventing rust.

[0067] In the present embodiment, the supply line 23
including the dry air supply port 21 and the supply valve
22 is provided on the downstream side of the aftercooler
5, and dry air stored in the air tank 28 is supplied to the
supply line 23. The supply valve 22 is caused to perform
an opening and closing operation at a predetermined
timing by the control panel 32.

[0068] Since the check valve 25 in the oil pump suction
path 14 is normally closed when the compressor is in
shutdown, the supplied dry air passes through the air
release valve 26A or the compressor body 1, and exits
the compressor from the suction port 101, and at this
time, a force acts to rotate the compressor body 1 in the
reverse direction.

[0069] Inthe presentembodiment, since the compres-
sor body 1 is connected to the oil pump 24 via the drive
gears 6 and 8A, reverse rotation of the compressor body
1 can be prevented by locking the rotation of the oil pump
24 as in the third embodiment.

[0070] According to the present embodiment, in the
single-stage compressor, the compressor body and the
oil pump are driven by one motor via gears, and the
opening-closing valve that opens during operation of
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the compressor and that closes during shutdown is pro-
vided on the suction side of the oil pump, so that reverse
rotation of the compressor body when the compressor is
in shutdown can be prevented. And, it is possible to
provide the oil-free air compressor that prevents the oil
from entering the compressor bodies and that has im-
proved reliability.

FIFTH EMBODIMENT

[0071] Fig. 6 shows an oil-free screw compressor ac-
cording to a fifth embodiment of the present invention.
Incidentally, since the basic configuration is the same as
that of the third embodiment shown in Fig. 3, differences
will be described here. In the present embodiment, a dry
air supply port is also provided on a suction side of a low-
pressure stage compressor.

[0072] In the present embodiment, the suction pipe
103 is provided with a dry air supply line 23A including
a dry air supply port 21A, the supply valve 22, and an
orifice 33A. In addition, a dry air supply line 23B including
a dry air supply port 21B, the supply valve 22, and an
orifice 33B is provided in the intermediate stage.
[0073] The operation will be described.

[0074] When the compressor is in operation, air is
suctioned into the low-pressure stage compressor body
1a from the air suction port 101 through the air suction
pipe 103. The compressed air that is compressed to be
high temperature by the low-pressure stage compressor
body 1a is cooled by the intercooler 4, and is supplied to
the high-pressure stage compressor body 1b. The com-
pressed air thatis compressed to be high temperature by
the high-pressure stage compressor body 1bis cooled by
the aftercooler 5, and is output from the compressed air
discharge port 102 via the check valve 25.

[0075] when the compressor is in shutdown, the air
release valve 26A connected between the low-pressure
stage compressor body 1a and the inner cooler 4, and the
air release valve 26B connected between the high-pres-
sure stage compressor body 1b and the aftercooler 5 are
opened to release pressure inside the compressor.
Thereafter, by controlling the supply valve 22 to open
through the control panel 32, the dry air stored in the air
tank 28 is caused to pass through the dry air supply lines
23A and 23B, and is supplied into the compressor. The
dry air supplied from the supply port 21B to the inter-
mediate-stage pipe 13 is released into the atmosphere
from the air release valve 26A and the air release valve
26B. The dry air supplied from the supply port 21A is
released into the atmosphere from the suction port 101.
[0076] At this time, since pressure in the intermediate-
stage pipe 13 increases due to the dry air supplied from
the supply port 21B, a force acts to rotate the low-pres-
sure stage compressor body 1a in the reverse direction,
whereas the dry air supplied from the supply port 21A
increases pressure in the suction pipe 103, so that aforce
is generated to rotate the low-pressure stage compressor
body 1ain aforward direction. By setting the diameters of
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the orifices 33A and 33B in advance such that the force
that rotates the low-pressure stage compressor body 1a
in the forward direction and the force that rotates the low-
pressure stage compressor body 1ain the reverse direc-
tion are balanced, the force that rotates the compressorin
the forward direction and the force that rotates the com-
pressor in the reverse direction are canceled out, so that
reverse rotation of the compressor can be prevented.
[0077] Incidentally, in the present embodiment, the
multi-stage compressor has been described as an ex-
ample; however, the present embodiment can also be
used for the single-stage compressor shown in Fig. 1. In
that case, the dry air supply port 21 of the dry air supply
line 23 may be connected to an outlet side of the after-
cooler 5 to supply the dry air, the aftercooler 5 being
provided on the discharge side of the compressor body 1,
and the dry air supply port may be connected to the
suction pipe 103, which is the suction side of the com-
pressor body 1, to supply the dry air.

[0078] Accordingtothe presentembodiment, whenthe
compressor is in shutdown, the dry air is supplied to the
intercooler or the aftercooler provided on the discharge
side of the compressor body, and the dry air is also
supplied to the suction side of the compressor body, so
that reverse rotation of the compressor body can be
prevented. And, it is possible to provide the oil-free air
compressor that prevents the oil from entering the com-
pressor body and that has improved reliability.

SIXTH EMBODIMENT

[0079] Fig. 7 shows an oil-free screw compressor ac-
cording to a sixth embodiment of the presentinvention. In
the present embodiment, an unloader 105 is provided
between the air suction port 101 and the suction pipe 103
in the low-pressure stage and the dry air supply port 21A
is provided between the unloader 105 and the low-pres-
sure stage compressor body 1a. The other configurations
are the same as those of the fifth embodiment.

[0080] The unloader 105 is a device that includes a
valve thereinside, the valve throttling a path of com-
pressed air, and that reduces power during unload op-
eration of the compressor by controlling the valve to open
during load operation and to close during unload opera-
tion. Since the compressor is normally stopped when
unloading is stopped, the unloader is closed during shut-
down.

[0081] The dry air supplied from the dry air supply port
21A during shutdown of the compressor remains be-
tween the unloader 105 and the compressor body 1a,
so that pressure in the suction pipe 103 increases.
[0082] In the fifth embodiment, an air suction port 101
side of the suction pipe 103 is open to the atmosphere,
and in order to increase the pressure in the suction pipe
103, the flow rate of the dry air supplied from the dry air
supply port 21A should be set to be larger than that of the
dry air supplied from the dry air supply port 21B; however,
in the present embodiment, the amount of the dry air
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supplied from the dry air supply port 21A can be set to be
smaller.

[0083] Accordingtothe presentembodiment, since the
unloader is provided between the air suction port and the
suction pipe in the low-pressure stage, and the dry air
supply portis provided between the unloader and the low-
pressure stage compressor body, in addition to the ef-
fects of the fifth embodiment, the amount of the dry air
supplied from the dry air supply port to the suction side of
the low-pressure stage compressor body can be re-
duced.

[0084] Incidentally, the present invention is not limited
to each embodiment described above, and includes var-
ious modification examples. For example, the above-
described embodiments have been described in detail
to facilitate understanding of the present invention, and
are not necessarily limited to including all the described
configurations. In addition, a part of the configuration of
one embodiment can be replaced with the configuration
of another embodiment, and the configuration of another
embodiment can also be added to the configuration of
one embodiment. In addition, it is possible to add, re-
move, or replace a part of the configuration of each
embodiment with other configurations.

REFERENCE SIGNS LIST
[0085]

1 Compressor body

1a Low-pressure stage compressor body
1b High-pressure stage compressor body
2 Gear casing

3, 3a, 3b, 3c Motor

4 Intercooler

5 Aftercooler

6, 6A, 6B Drive gear

7 Driven gear

7A Low-pressure stage driven gear
7B High-pressure stage driven gear
8A Oil pump drive gear

8B Oil pump driven gear

13 Pipe (intermediate stage)

14 Oil pump suction path

15 Opening-closing valve

21, 21A, 21B Dry air supply port

22 Supply valve

23 Dry air supply line

24 Oil pump

25 Check valve

26A, 26B Air release valve

28 Air tank

32 Control panel

33A, 33B Orifice

47 Oil reservoir

70 Brake device

100 Compressor

101 Air suction port
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102 Compressed air discharge port
103 Air suction pipe
105 Unloader

Claims

1.

An oil-free air compressor comprising:

an oil-free compressor body that compresses
air, and that outputs the compressed air;

a cooler that is connected to the compressor
body, and that cools the compressed high-tem-
perature air;

a dry air supply mechanism for supplying dry air
to an output side of the compressor body; and

amechanism for preventing a reverse rotation of
the compressor body during a shutdown of the
compressor.

The oil-free air compressor according to claim 1,
wherein the compressor body is an oil-free screw
compressor.

The oil-free air compressor according to claim 1,
wherein the mechanism for preventing the reverse
rotation of the compressor body is a brake device.

The oil-free air compressor according to claim 1,
wherein the mechanism for preventing the reverse
rotation of the compressor body is a ratchet mechan-
ism.

The oil-free air compressor according to claim 1,
further comprising:

an oil pump that supplies lubricating oil to each
bearing;

an opening-closing valve provided on a suction
side of the oil pump; and

a single motor that drives the compressor body
and the oil pump,

wherein the oil pump is a gear pump,

the motor, the compressor body, and the oil
pump are connected to each other by gears, and
the opening-closing valve is closed during the
shutdown of the compressor.

The oil-free air compressor according to claim 5,
wherein the gear pump is a trochoid pump.

The oil-free air compressor according to claim 1,
wherein, further, the dry air supply mechanism sup-
plies the dry air to a suction side of the compressor
body.

The oil-free air compressor according to claim 7,
further comprising:
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9.

10.

1.

12.

13.

an unloader provided on the suction side of the
compressor body and having a valve therein for
throttling a path of the compressed air,
wherein the dry air supply mechanism supplies
the dry air to a pipe between the unloader and
the compressor body.

An oil-free air compressor comprising:

an oil-free low-pressure stage compressor body
and an oil-free high-pressure stage compressor
body that compress air, and that output the
compressed air;

an intermediate-stage pipe connecting the low-
pressure stage compressor body and the high-
pressure stage compressor body;
anintercooler thatis provided in an intermediate
stage, and that cools the compressed high-tem-
perature air;

an aftercooler provided on an output side of the
high-pressure stage compressor body;

a dry air supply mechanism for supplying dry air
to the intermediate-stage pipe; and
amechanism for preventing a reverse rotation of
the low-pressure stage compressor body during
a shutdown of the compressor.

The oil-free air compressor according to claim 9,
wherein the low-pressure stage compressor body
and the high-pressure stage compressor body are
oil-free screw compressors.

The oil-free air compressor according to claim 9,
wherein the mechanism for preventing the reverse
rotation of the low-pressure stage compressor body
is a brake device.

The oil-free air compressor according to claim 9,
wherein the mechanism for preventing the reverse
rotation of the low-pressure stage compressor body
is a ratchet mechanism.

The oil-free air compressor according to claim 9,
further comprising:

an oil pump that supplies lubricating oil to each
bearing;

an opening-closing valve provided on a suction
side of the oil pump; and

asingle motorthatdrives the low-pressure stage
compressor body, the high-pressure stage com-
pressor body, and the oil pump,

wherein the oil pump is a gear pump,

the motor, the low-pressure stage compressor
body, the high-pressure stage compressor body,
and the oil pump are connected to each other by
gears, and

the opening-closing valve is closed during the
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shutdown of the compressor.

14. The oil-free air compressor according to claim 9,
wherein, further, the dry air supply mechanism sup-
plies the dry air to a suction side of the low-pressure
stage compressor body.

15. The oil-free air compressor according to claim 14,
further comprising:

an unloader provided on the suction side of the
low-pressure stage compressor body and hav-
ing a valve therein for throttling a path of the
compressed air,

wherein the dry air supply mechanism supplies
the dry air to a pipe between the unloader and
the low-pressure stage compressor body.
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