DESCRIPTION

COMPRESSOR AND METHOD OF OPERATING SAME

TECHNICAL FIELD
[0001]

The present invention relates to a compressor and a
method of operating the compressor.
BACKGROUND ART
[0002]

A compressor denerally includes a cooler called an
aftercooler for cooling compressed gas heated by heat of
compression, and a dryer for removing water from the
compressed gas. The aftercooler and the dryer may
functionally retain water inside. This water is called a
drain, and the drain is prevented from being supplied to a
supply destination (such as a factory) of the compressed gas
by discharging the drain regularly, for example. For example,
Patent Document 1 discloses a compressor having a function
of discharging such a drain.

PRIOR ART DOCUMENT
PATENT DOCUMENT
[0003]

Patent Document 1: JP 2002-242843 A

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION



[0004]

The compressor of Patent Document 1 is configured such
that an electric motor and a compressor body are stopped and
an on-off valve is closed when dry gas discharged from a gas
discharge path increases in pressure to upper-limit set
pressure, and when the dry gas decreases 1in pressure to
lower-limit set ©pressure, the electric motor and the
compressor body are driven and the on-off valve is opened
intermittently. This allows slowing down a rate of decrease
in pressure of the gas supplied from the gas discharge path
to the supply destination even after the drive of the
compressor body is stopped. However, only opening the on-
off wvalve intermittently may cause the drain to be
erroneously supplied to the supply destination together with
the compressed gas. Hereinafter, leakage of the drain to
the supply destination in this way is also referred to as
carryover.

[0005]

The carryover often occurs when the compressor 1is
started. That is, the carryover often occurs during a period
shifting to normal operation after a main motor is turned on
{started), or at étartup of the main motor. Experiments
performed by the abplicant show that the carryover was often
observed when a flow path connected to the dryer was under

low pressure after the main motor was started. When the



flow path connected to the dryer is under low pressure as
described above, a pressure difference between outlet
pressure of the compressor body and package discharge
pressure (hereinafter, simply referred to as discharge
pressure) corresponding to pressure in piping to the supply
destination increases, and thus flow velocity of the
compressed gas passing through the dryer increases. Thus,
it is considered that the drain is carried to the supply
destination on this fast flow and the carryover occurs. When
the carryover occurs, the piping to the supply destination
is rusted. This causes various adverse effects such as that
when a power machine such as a turbine is driven by using
compressed gas at a supply destination, a load on the turbine
increases. Thus, it is required to prevent such carryover.
[0006]

An object of the present invention is to provide a
compressor capable of preventing carryover of a drain at
startup and a method of operating the compressor.

MEANS FOR SOLVING THE PROBLEMS
[0007]

A first aspect of the present invention provides a
compressor including: a compressor body driven by a motor to
compress gas; an aftercooler for cooling the compressed gas
supplied from the compressor body; a dryer for dehumidifying

the compressed gas flowing out from the aftercooler; a drain



discharge valve for discharging a drain from the dryer; a
first pressure sensor for measuring gas pressure downstream
of the aftercooler; and a rotation-speed adjusting unit that
drives the motor at second acceleration smaller than first
acceleration, the first acceleration being rated
acceleration of the motor, when a pressure value measured by
the first pressure sensor 1is less than a first threshold
value predetermined at startup of the motor.
[0008] |

According to this configuration, the rotation-speed
adjusting unit accelerates the motor at the second
acceleration when the pressure value measured by the first
pressure sensor 1s 1less than the first threshold value
predetermined. Here, the first threshold value is a lower
pressure value that carryover occurs. Accelerating the
motor at the second acceleration causes a flow rate per unit
time of compressed gas discharged from the compressor body
to decréase to less than a flow rate when the compressed gas
is discharged in accordance with rated acceleration of the
motor as in a conventional case. This enables gas passing
through the dryer to be brought into a state where the gas
has flow velocity reduced to a speed that does not cause
carryover until discharge pressure increases to pressure
that does not cause carryover. As a result, carryover of a

drain at startup of the compressor can be prevented.



[0009]

A second aspect of the present invention provides a
compressor including: a compressor body driven by a motor to
compress gas; a separator tank for separaﬁing a coolant from
the compressed gas supplied from the compressor body and
stores the coolant; a pressure-holding check wvalve for
preventing the compressed gas from flowing back toward the
separator tank to keep pressure in the separator tank equal
to or more than a second threshold wvalue predetermined; a
dryer provided downstream of the pressure-holding check
valve to dehumidify the compressed gas supplied; a drain
discharge valve for discharging a drain from the dryer; a
first pressure sensor for measuring gas pressure downstream
of the pressure-holding check wvalve; and a control device
including a rotation—speed adjusting unit that drives the
motor at second acceleration smaller than first acceleration,
the first acceleration being rated acceleration of the motor,
when a pressure value measured by the first pressure sensor
is less than a first threshold value predetermined at startup
of the motor.

[0010]

According to this configuration, carryover of a drain
at startup of the compressor can be prevented as in the first
aspect.

[0011]



A second pressure sensor for measuring the pressure in
the separator tank may be further provided, and the control
device may further include a drain-discharge-valve control
unit that opens the drain discharge valve when a pressure
value measured by the second pressure sensor is equal to or
more than the second threshold value at startup of the motor.
[0012]

According to this configuration, when a pressure value
measured by the second pressure sensor is equal to or more
than the second threshold value, the drain-discharge-valve
control unit opens the drain discharge valve. Here, the
second threshold value is a set value of the pressure-holding
check valve, and can be set within a predetermined range
according to specifications and the like of each component
of the compressor. If the drain discharge valve is opened
at a pressure value measured by the second pressure sensor
that is less than the second threshold wvalue, gas pressure
in the dryer may decrease as a drain is discharged. Thus,
it takes time to increase discharge pressure of the
compressor to gas pressure required by the supply destination.
Then, when the drain discharge valve is opened at a pressure
value measured by the second pressure sensor that is equal
to or more than the second threshold value, increase in time
required to increase the discharge pressure to the required

pressure can be prevented. According to this configuration,



a drain can be discharged from the drain discharge valve
while carryover of the drain is prevented at startup of the
compressor.

[0013]

A third aspect of the present invention provides a
compressor including: a compressor body driven by a motor to
compress gas; an aftercooler for cooling the compressed gas
supplied from the compressor body; a dryer for dehumidifying
the compressed gas flowing out from the aftercooler; a drain
discharge valve for discharging a drain from the dryer; a
first pressure sensor for measuring gas pressure downstream
of the aftercooler; a separator tank for separating a coolant
from gas flowing from the compressor body to the aftercooler
and stores the coolant; a second pressure sensor for
measuring pressure in the separator tank; a pressure-holding
check wvalve for preventing the compressed gas from flowing
back toward the separator tank to keep the pressure in the
separator tank equal to or more than a second threshold value
predetermined; and a control device including a rotation-
speed adjusting unit that drives the motor at second
acceleration smaller than first acceleration, the first
acceleration being rated acceleration of the motor, when a
pressure value measured by the first pressure sensor is less
than a first threshold value predetermined and a pressure

value measured by the second pressure sensor is equal to or



more than the second threshold value, at startup of the motor,
and a drain-discharge-valve control unit that opens the drain
discharge valve when the pressure value measured by the
second pressure sensor 1s equal to or more than the second
threshold value at the startup.

[0014]

According to this configuration, the rotation-speed
adjusting unit causes the motor to be accelerated at the
second acceleration when the pressure value measured by the
first pressure sensor is less than the first threshold value
predetermined, and the drain-discharge-valve control unit
opens the drain discharge valve when the pressure value
measured by the second pressure sensor is equal to or more
than the second threshold value. Here, the second threshold
value is a set value of the pressure-holding check valve,
and can be set within a predetermined range according to
specifications and the 1like of each component of the
compressor. If the drain discharge valve is opened at a
pressure value measured by the second pressure sensor that
is less than the second threshold value, gas pressure in the
dryer may decrease as a drain is discharged. Thus, it takes
time to increase discharge pressure of the compressor to gas
pressure required by the supply destination. Then, when the
drain discharge valve is opened at a pressure value measured

by the second pressure sensor that is equal to or more than



the second threshold wvalue, increase in time required to
increase the discharge pressure to the required pressure can
be prevented. Additionally, a drain can be discharged from
the drain discharge wvalve while carryover of the drain is
prevented at startup of the compressor.

[0015]

The rotation-speed adjusting unit may change
acceleration of the motor from the second acceleration to
the first acceleration when the pressure value measured by
the first pressure sensor is equal to or more than the first
threshold value, or when a predetermined time elapses after
changing acceleration from the first acceleration to the
second acceleration. The drain-discharge-valve control unit
may close the drain discharge valve after the acceleration
is changed from the second acceleration to the first
acceleration, or when a predetermined time elapses after the
drain discharge valve is opened, whichever is earlier.
[0016]

According to this configuration, an excessive pressure
decrease can be prevented by preventing an excessive leakage
of the compressed gas that may occur by continuing to open
the drain discharge valve. The predetermined time here 1is
time required to discharge a drain from the discharge valve
during operation after changing to the second acceleration.

This predetermined time can be experimentally determined in



advance. When the acceleration of the motor is changed to
the first acceleration, pressure increases or a drain has
already been discharged to the extent that carryover does
not occur. Thus, carryover can be prevented even when the
motor is driven at the first acceleration, and rotation speed
of the motor can be accelerated in a shorter time than as
compared to a case where the motor is driven at the second
acceleration. Here, the term, after acceleration is changed
from the second acceleration to the first acceleration,
includes the time at which the acceleration is changed from
the second acceleration to the first acceleration.

[0017] |

The rotation-speed adjusting unit may accelerate the
motor to rated rotation speed after change to the first
acceleration.

[0018]

According to this configuration, the motor can be
quickly accelerated to the rated rotation speed at the first
acceleration, so that the motor can be shifted to the normal
operation from the time of startup.

[0019]

A fourth aspect of the present invention provides a
method of operating a compressor including: a compressor
body driven by a motor to compress gas; an aftercooler for

cooling the compressed gas supplied from the compressor body;
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a dryer for dehumidifying the compressed gas flowing out
from the aftercooler; a drain discharge valve for discharging
a drain from the dryer; and a first pressure sensor for
measuring pressure of gas supplied to the dryer from the
aftercooler, wherein the method further includes driving the
motor at second acceleration smaller than first acceleration,
the first acceleration being rated acceleration of the motor,
when a pressure value measured by the first pressure sensor
is less than a first threshold value predetermined at startup
of the compressor body.

[0020]

A fifth aspect of the present invention provides a
method of operating a compressor including: a compressor
body driven by a motor to compress gas; a separator tank for
separating a coolant from the compressed gas supplied from
the compressor body and stores the coolant; a pressure-
holding check valve for preventing the compressed gas from
flowing back toward the separator tank to‘keep pressure in
the separator tank at a second threshold value or more; a
dryer provided downstream of the pressure-holding check
valve to dehumidify the compressed gas supplied; a drain
discharge valve for discharging a drain from the dryer; a
first pressure sensor for measuring gas pressure downstream
of the pressure-holding check valve; and a second pressure

sensor for measuring the pressure in the separator tank,
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wherein the method further includes driving the motor at
second acceleration smaller than first acceleration, the
first acceleration being rated acceleration of the motor,
when a pressure value measured by the first pressure sensor
is less than a first threshold value predetermined at startup
of the motor.

[0021]

The drain discharge valve may be opened when the
pressure value measured by the second pressure sensor is
equal to or more than the second threshold value.

EFFECT OF THE INVENTION
[0022]

According to the present invention, the compressor and
the method of operating the compressor enable preventing
carryover of a drain at startup by suitably controlling the
acceleration of the rotation speed of the motor and the
opening and closing of the drain discharge valve.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

Fig. 1 1is a schematic configuration diagram of a
compressor according to aﬁ embodiment o©f the present
invention;

Fig. 2 is a block diagram of a control device;

Fig. 3 1s a graph showing a relationship between

rotation speed of a motor and time at startup;
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Fig. 4 1is a flowchart illustrating acceleration
control of a motor; and

Fig. 5 is a flowchart illustrating opening and closing
control of a drain discharge valve.

MODE FOR CARRYING OUT THE INVENTION
[0024]

Embodiments of the present invention will be described
below with reference to the accompanying drawings.
[0025]

Embodiments of the present invention will be described
below with reference to the accompanying drawings.
[0026]

Fig. 1 is a schematic configuration diagram
illustrating a compressor 1 of a package type according to
an embodiment. The package type means that various
components such as a dryer 6 are included in addition to a
compressor body 3 described later. Although the present
embodiment describes air as gas to be compressed and oil as
a coolant, as an example, a type of gas may be other than
air, and a type of coolant may be water.

[0027]

The compressor 1 includes the compressor body 3 having
a motor 2, a separator tank 4 that separates and recovers
0il as a cooclant from compressed air, an aftercooler 5 that

cools the compressed air, a dryer 6 that dehumidifies the
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compressed air, and a control device 7.
[0028]

The compressor body 3 is a screw type and has a pair
of male and female screw rotors. The screw rotor is
mechanically connected to the motor 2, and the motor 2 is
electrically connected to a power supply 8. The pair of
male and female screw rotors mesh with each other by being
rotationally driven by the motor 2 supplied with power from
the power supply 8, and compress air. The screw rotors are
supplied with o0il from the viewpoint of cooling, sealing,
and the like. Here, some of the supplied o0il is used for
cooling, sealing, and the like of the screw rotors and the
like, and then discharged together with the compressed air
from an exhaust port of the compressor body 3. The
compressor body 3 is fluidly connected to the separator tank
4, and the compressed air containing the o0il, Dbeing
compressed by the compressor body 3, 1is pumped to the
separator tank 4.

[0029]

The separator tank 4 has a liquid separator 4a and a
liquid tank 4b. The liquid separator 4a is a filter that
separates liquid (oil) from compressed air. The oil
separated from the compressed air by the liquid separator 4a
is collected in the liquid tank 4b. The separator tank 4 is

fluidly connected to the aftercooler 5 using a pressure-
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holding check valve 9, and the compressed air from which the
0oil 1is separated in the separator tank 4 1is fed to the
aftercooler 5.

[0030]

The pressure-holding check valve 9 has a function of
keeping pressure of the compressed air in the separator tank
4 equal to or more than a second threshold value
predetermined and preventing a backflow of the compressed
air discharged from the separator tank 4 to the separator
tank 4. Thus, air does not return from the aftercooler 5 to
the separator tank 4. Here, the second threshold wvalue is
a set value of the pressure-holding check wvalve 9, and can
be set within a predetermined range according to
specifications and the 1like of veach component of the
compressor 1. In the present embodiment, the second

threshold value is set to, for example, about 0.45 to 0.5

MPa.
[0031]

The aftercooler 5 1is a heat exchanger that cools
compressed air wusing a refrigerant. A type of the

refrigerant is not particularly limited, and the aftercooler
5 may be a water-cooled type, an air-cooled type, or the
like. Alternatively, the aftercooler 5 may be an electrical
cooling device. Here, the cooled compressed air is partially

condensed, and the condensed water (drain) is collected in
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the aftercooler 5. The aftercooler 5 is fluidly connected
to the dryer 6, and the compressed air cooled by the
aftercooler 5 is fed to the dryer 6. When water is used as
the coolant, the aftercocoler 5 can be eliminated. In this
case, the separator tank 4 and the dryer 6 are fluidly
connected.

[0032]

The dryer 6 can be a so-called freezing dryer. That
is, a refrigerant is used to condense water in compressed
air, and the water is removed from the compressed air. The
dryer 6 has a storage portion so that condensed water (drain)
can be temporarily collected in the dryer 6. The dryer 6
has a mechanism as a refrigerator, being not different from
a publicly known mechanism, so that detailed description
here will be eliminated. The dryer 6 is fluidly connected
to a supply destination (not illustrated) of compressed air,
such as a factory, and the compressed air dehumidified by
the dryer 6 is fed to the supply destination.

[0033]

The dryer 6 is provided with a drain pipe 10 for
discharging a drain and a drain discharge valve 11 for
allowing or blockingva flow of the drain in the drain pipe
10. The drain discharge valve 11 is composed of a solenoid
valve, and opening and closing of the drain discharge valve

11 is controlled by the control device 7.
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[0034]

For control by the control device 7, a first pressure
sensor 12 and a second pressure sensor 13 are provided.
[0035]

The first pressure sensor 12 1is disposed between the
aftercooler 5 and the dryer 6 in a flow of compressed air,
and measures a pressure value Pd of the compressed air in
this portion. However, the pressure measurement position of
the first pressure sensor 12 is not limited to this position,
and may be any position downstream of the pressure-holding
check valve 9. For example, a pressure value at a position
downstream of the dryer 6 may be detected.

[0036]

The second pressure sensor 13 is attached to the liquid
tank 4b and detects a pressure value Po in the liquid tank
4b. That 1s, the second pressure sensor 13 detects a
pressure value downstream of the compressor body 3 and
upstream of the pressure-holding check valve 9.

[0037]

The control device 7 is composed of hardware including
storage devices such as a central processing unit (CPU), a
random access memory (RAM), a read only memory (ROM), and a
programmable logic controller (PLC), and software
implemented therein. The control device 7 receives the

pressure value Pd measured by the first pressure sensor 12
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and the pressure value Po measured by the second pressure
sensor 13, and controls the compressor 1 based on the
pressure values Pd and Po.

[0038]

Fig. 2 is a block diagram of the control device 7. The
control device 7 has a rotation-speed adjusting unit 7a and
a drain-discharge-valve control unit 7b.

[0039]

The rotation-speed adjusting unit 7a causes the motor
2 to be driven at second acceleration (a2) smaller than first
acceleration (al) being the rated acceleration of the motor
2 when the pressure value Pd measured by the first pressure
sensor 12 is less than a first threshold value predetermined
at startup of the motor 2 that drives the cémpressor body 3.
In other words, at startup of the motor, the rotation-speed
adjusting unit 7a accelerates rotation speed of the motor 2
in at least two steps. Here, the first threshold value is
a lower pressure value that carryover occurs. In the present
embodiment, the first threshold value is set to, for example,
about 0.3 MPa. The second acceleration (a2) 1is an
acceleration that does not cause carryover even when there
is a pressure difference between outlet pressure of the
compressor body 3 and package discharge pressure
(hereinafter, simply referred to as discharge pressure)

corresponding to pressure in piping to the supply destination,
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at startup of the motor 2. This second acceleration (a2)
can be experimentally determined in advance. When the second
acceleration (a2) 1s experimentally determined, a maximum
amount of drain may be preliminarily stored in the dryer 6
or the aftercooler 5. Then, when a pressure value measured
by the second pressure sensor 13 is equal to or more than
the second threshold value, the drain discharge valve 11 may
be opened.

[0040]

The rotation-speed adjusting unit 7a of the present
embodiment changes acceleration from the second acceleration
to the first acceleration after a predetermined time AT1
elapses after driving the motor 2 at the second acceleration,
and causes the motor 2 to accelerate to the rated rotation
speed. The predetermined time AT1 here is time required to
discharge a drain from the discharge valve when the motor 2
is operated at the second acceleration. This predetermined
time ATl can be experimentally determined in advance. For
example, this predetermined time ATl may be set to time
sufficient to discharge a maximum amount of drain that can
be stored in the dryer 6 and the aftercooler 5.

Alternatively, the amount of drain stored may be
calculated from an operating state of the compressor 1 and
the time may be set so that the amount of drain can be

accurately discharged.
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[0041]

Fig. 3 1s a graph showing a relationship between
rotation speed of the motor 2 and time t at startup. The
graph has the horizontal axis representing the time t, and
the vertical axis representing the rotation speed of the
motor 2. Thus, a slope on the graph indicates acceleration
of the rotation speed of the motor 2.

[0042]

In the present embodiment, the motor 2 is driven at
the first acceleration (rated acceleration) al at startup.
Next, when it is detected that the pressure value Pd measured
by the first pressure sensor 12 1is 1less than the first
threshold value predetermined, the rotation-speed adjusting
unit 7a causes acceleration of the rotation speed of the
motor 2 to be reduced to the second acceleration a2 from the
first acceleration al. That 1is, the slope on the graph
becomes gentle at time tl. Then, affer the predetermined
time ATl elapses, the rotation-speed adjusting unit 7a
increases the acceleration of the rotation speed of the motor
2 from the second acceleration a2 to the first acceleration
al. That is, the slope on the graph becomes steep at time
t2. Then, the motor 2 is accelerated to the rated rotation
speed at the first acceleration al.

[0043]

The drain-discharge-valve control unit 7b opens the

20



drain discharge valve 11 when the pressure value Po measured
by the second pressure sensor 13 is equal to or more than
the second threshold value predetermined. The drain-
discharge-valve control unit 7b preferably opens the drain
discharge valve 11 when the pressure value Pd measured by
thé first pressure sensor 12 is less than the first threshold
value and the pressure value Po measured by the second
pressure sensor 13 1is equal to or more than the second
threshold value, as in the present embodiment. The drain-
discharge-valve control unit 7b closes the drain discharge
valve 11 is closed when the pressure value Pd measured by
the first pressure sensor 12 is equal to or more than the
first threshold value predetermined (i.e., after
acceleration is changed from the second acceleration a2 to
the first acceleration al), or when predetermined time AT2
elapses after the drain discharge valve 1is opened. The
predetermined time AT2 here is time required to discharge a
drain from the discharge valve when the motor 2 is operated
at the second acceleration. Here, the predetermined time
AT2 can be experimentally determined in advance in the same
manner as the above-mentioned predetermined time AT1. The
predetermined time AT2 may be set longer than the above-
mentioned predetermined time AT1 so that the drain discharge
valve 11 1is closed after the acceleration is changed from

the second acceleration a2 to the first acceleration al.
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The term, after the acceleration is changed from the second
acceleration a2 to the first acceleration al, includes the
time at which the acceleration is changed from the second
acceleration to the first acceleration.

[0044]

Figs. 4 and 5 are flowcharts respectively illustrating
control of acceleration of the motor 2 by the control device
7 of the present embodiment and control of opening and
closing the drain discharge valve 11 thereby.

[0045]

First, the control of acceleration of the motor 2 will
be described with reference to Fig. 4. When startup of the
compressor body 3 1s started, or startup of a motor is
started by starting the motor 2 (step S4-1), acceleration of
the motor 2 1s set to the first acceleration (rated
acceleration) al (step S4-2). Then, it is determined whether
the pressure value Po is equal to or more than the second
threshold value P2 (step S4-3). When the pressure value Po
is less than the second threshold value P2, the acceleration
is held until the pressure value Po becomes the second
threshold value P2 or more (step S4-3). When the pressure
value Po is equal to or more than the second threshold value
P2, it is further determined whether the pressure value Pd
is equal to or more than the first threshold value Pl (step

S4-4) .

22



[0046]

When the pressure value Pd is equal to or more than
the first threshold wvalue Pl, it 1s further determined
whether rotation speed of the motor 2 has reached the rated
rotation speed (step S4-5). When the rotation speed of the
motor 2 has not reached the rated rotation speed, the
acceleration is held until the rated rotation speed reaches
the rated rotation speed. Then, the startup is finished
(step S4-6), and the motor 2 shifts to normal operation.
[0047]

When the pressure value Pd is less than the first
threshold wvalue Pl in step S4-4, the acceleration of the
motor 2 1is set to the second acceleration a2 (step S4-7).
Then, a timer Tl starts counting (step S4-8). Next, it is
determined again whether the pressure value Pd is equal to
or more than the first threshold value Pl (step S4-9). When
the pressure value Pd becomes equal to or more than the first
threshold value Pl, or after the predetermined time AT1 the
timer T1 elapses (step S4-10), the acceleration of the motor
2 1is set to the first acceleration al (step S4-11). Then,
it is determined whether the rotation speed of the motor 2
has reached the rated rotation speed (step S4-12). When the
rotation speed of the motor 2 has not reached the rated
rotation speed, the acceleration is held until the rated

rotation speed reaches the rated rotation speed. Then, the
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startup is finished (step S$4-13), and the motor 2 shifts to
the normal operation in which the compressor is operated by
the motor 2 at the rated rotation speed.

[0048]

Next, control of the drain discharge valve 11 will be
described with reference to Fig. 5. When the startup of the
compressor body 3 is started, or the startup of a motor is
started by starting the motor 2 (step S5-1), it is determined
whether the pressure value Po is equal to or more than the
second threshold wvalue P2 (step S5-2). When the pressure
value Po 1is less than the second threshold wvalue P2, the
acceleration is held until the pressure value Po reaches the
second threshold value P2, and when the pressure value Po is
the second threshold value P2, the drain discharge valve 11
is opened (step S5-3). Then, a timer T2 starts counting
(step S5-4). Next, it is determined whether the pressure
value Pd measured by the first pressure sensor 12 is equal
to or more than the predetermined first threshold value Pl
(step S5-5). When the pressure value Pd measured by the
first pressure sensor 12 is less than the predetermined first
threshold value Pl, the drain discharge wvalve 11 is closed
(step S5-7) after the predetermined time AT2 elapses in the
timer T2 (step S5-6). When the pressure value Pd measured
by the first pressure sensor 12 is equal to or more than the

predetermined first threshold value Pl from the beginning in
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step S5-5, or when the pressure value Pd measured by the
first pressure sensor 12 becomes equal to or more than the
predetermined first threshold vwvalue P1 before the
predetermined time AT2 elapses in the timer T2, the drain
discharge valve 11 is also closed (step S5-7). Specifically,
when the pressure value Pd measured by the first pressure
sensor 12 is equal to or more than the predetermined first
threshold value P1 (steps S4-9 and S5-5), the drain discharge
valve 11 is closed (step S5-7) after the acceleration of the
motor 2 1s changed from the second acceleration a2 to the
first acceleration al (step S4-11), or when the predetermined
time AT2 elapses in the timer T2 (step $5-6), whichever is
earlier. After that, the startup is finished (step S$5-8),
and the motor 2 shifts to the normal operation. Here, the
predetermined time AT2 is longer than the predetermined time
AT1 described above. As a result, the drain discharge valve
11 is closed after the acceleration of the motor 2 is changed
from the second acceleration a2 to the first acceleration al
as described above.

[0049]

The compressor 1 of the present embodiment and the
method of operating the compressor 1 have the following
advantages.

[0050]

In the ©present embodiment, the rotation-speed
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adjusting unit 7a accelerates the motor 2 at the second
acceleration a2 when the pressure value Pd measured by the
first pressure sensor 12 is less than the first threshold
value Pl predetermined. This enablesvpreventing carryover
by reducing a rate of increasing pressure of air discharged
from the dryer 6, as compared to a case where pressure is
increased at a rated acceleration al as in a conventional
case, to suppress flow velocity of gas passing through the
dryer 6 until discharge pressure is increased to pressure
that does not cause the carryover (i.e., to pressure under
which the flow velocity of the gas passing through the dryer
6 does not cause the carryover even during the normal
operation of the motor 2 at the rated rotation speed).
[0051]

In the present embodiment, when the pressure value Po
measured by the second pressure sensor 13 is equal to or
more than the second threshold value P2, the drain discharge
valve 11 is opened. If the drain discharge valve 11 1is
opened at the pressure value Po measured by the second
pressure sensor 13 that is less than the second threshold
value P2, air pressure in the dryer 6 may decrease, oOr
pressure of discharged air may decrease, as a drain is
discharged. Thus, it takes time to increase air pressure to
that required by the supply destination. Then, when the

drain discharge valve 11 is opened at the pressure value Po
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measured by the second pressure sensor 13 that is equal to
or more than the second threshold value P2, increase in time
required to increase the discharge pressure to the required
pressure can be prevented,

[0052]

In the present embodiment, the drain discharge vélve
11 is closed at the predetermined time ATZ2 after the drain
discharge valve 11 is opened. Thus, an excessive pressure
decrease can be prevented by preventing an excessive leakage
of the compressed air that may occur by continuing to open
the drain discharge valve 11. When the acceleration of the
motor2 is changed to the first acceleration al, a drain has
already been discharged to the extent that carryover does
not occur. Thus, carryover can be prevented even when the
motor 2 is driven at the first acceleration al, and rotation
speed of the motor 2 can be accelerated in a shorter time
than that when the motor 2 1is driven at the second
acceleration aZ2.

[0053]

While the specific embodiments of the present
invention are described above, the present invention is not
limited to the above-described embodiments, and various
modifications can be made within the scope of the present
invention. For example, although in the above embodiments,

the drain-discharge-valve control unit 7b closes the drain
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discharge valve 11 by selectively determining whether an
earlier stage is after the acceleration is changed from the
second acceleration a2 to the first acceleration al, or when
a predetermined time elapses after the drain discharge valve
11 is opened, the determination may not be selective. That
is, the drain discharge valve 11 may be closed by determining
only one of cases including after the acceleration is changed
from the second acceleration a2 to the first acceleration
al, and when the predetermined time elapses after the drain
discharge valve 11 is opened. For example, step S5-5
illustrated in Fig. 5 may be eliminated in the control device
and control of the present invention.

DESCRIPTION OF SYMBOLS

[0054]

1 Compressor

2 Motor

’3 Compressor body
4 Separator tank
4a Liquid separator

4b Liquid tank

5 Aftercooler

6 Dryer

7 Control device

Ta Rotation-speed adjusting unit

b Drain-discharge-valve control unit
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10

11

12

13

Power supply
Pressure-holding check
Drain pipe

Drain discharge valve
First pressure sensor

Second pressure sensor

valve
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CLAIMS

1. A compressor comprising:

a compressor body driven by a motor to compress gas;

an aftercooler for cooling the compressed gas supplied
from the compressor body;

a dryer for dehumidifying the compressed gas flowing
out from the aftercooler;

a drain discharge valve for discharging a drain from
the dryer;

a first pressure sensor for measuring gas pressure
downstream of the aftercooler; and

a control device including a rotation-speed adjusting
unit that drives the motor at second acceleration smaller
than first acceleration, the first acceleration being rated
acceleration of the motor, when a pressure value measured by
the first pressure sensor is 1less than a first threshold
value predetermined at startup of the motor.
2. A compressor comprising:

a compressor body driven by a motor to compress gas;

a separator tank for separating a coolant from the
compressed gas supplied from the compressor body and stores
the coolant;

a pressure-holding check valve for preventing the
compressed gas from flowing back toward the separator tank

to keep pressure in the separator tank equal to or more than
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a second threshold value predetermined;

a dryer provided downstream of the pressure-holding
check wvalve to dehumidify the compressed gas supplied;

a drain discharge valve for discharging a drain from
the dryer;

a first pressure sensor for measuring gas pressure
downstream of the pressure-holding check valve; and

a control device including a rotation-speed adjusting
unit that drives the motor at second acceleration smaller
than first acceleration, the first acceleration being rated
acceleration of the motor, when a pressure value measured by
the first pressure sensor 1is less than a first threshold
value predetermined at startup of the motor.
3. The compressor according to c¢laim 2, further
comprising:

a second pressure sensor for measuring the pressure in
the separator tank,

wherein the control device further includes a drain-
discharge-valve control unit that opens the drain discharge
valve when a pressure value measured by the second pressure
sensor 1s equal to or more than the second threshold value
at startup of the motor.
4. A compressor comprising:

a compressor body driven by a motor to compress gas;

an aftercooler for cooling the compressed gas supplied
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from the compressor body;

a dryer for dehumidifying the compressed gas flowing
out from the aftercooler;

a drain discharge valve for discharging a drain from
the dryer;

a first pressure sensor for measuring gas pressure
downstream of the aftercooler;

a separator tank for separating a coolant from the
compressed gas flowing from the compressor body to the
aftercooler and stores the coolant;

a second pressure sensor for measuring pressure in the
separator tank;

a pressure-holding check valve for preventing the
compressed gas from flowing back toward the sepafator tank
to keep the pressure in the separator tank equal to or more
than a second threshold value predetermined; and

a control device including:

a rotation-speed adjusting unit that drives the motor
at second acceleration smaller than first acceleration, the
first acceleration being rated acceleration of the motor,
when a pressure value measured by the first pressure sensor
is less than a first threshold value predetermined and a
pressure value measured by the second pressure sensor 1is
equal to or more than the second threshold value, at startup

of the motor; and
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a drain-discharge-valve control unit that opens the
drain discharge valve when the pressure value measured by
the second pressure sensor 1s equal to or more than the
second threshold value at the startup.

5. The compressor according to claim 3 or 4, wherein

the rotation-speed adjusting unit changes accelerétion
of the motor from the second acceleration to the first
acceleration when the pressure value measured by the first
pressure sensor is equal to or more than the first threshold
value, or when a predetermined time elapses after changing
acceleration from the first acceleration to the second
acceleration, and

the drain-discharge-valve control unit closes the
drain discharge valve after the acceleration is changed from
the second acceleration to the first acceleration, or when
a predetermined time elapses after the drain discharge valve
is ‘opened, whichever is earlier.

6. The compressor according to claim 5, wherein

the rotation-speed adjusting unit accelerates the
motor to rated rotation speed after change to the first
acceleration.

7. A method of operating a compressor including:

a compressor body driven by a motor to compress gas;

an aftercooler for cooling the compressed gas supplied

from the compressor body;
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a dryer for dehumidifying the compressed gas flowing
out from the aftercooler;

a drain discharge valve for discharging a drain from
the dryer; and

a first pressure sensor for measuring pressure of gas
supplied to the dryer from the aftercooler, wherein

the method further comprises driving the motor at
second acceleration smaller than first acceleration, the
first acceleration being rated acceleration of the motor,
when a pressure value measured by the first pressure sensor
is less than a first threshold value predetermined at startup
of the compressor body.

8. A method of operating a compressor including:

a compressor body driven by a motor to compress gas;

a separator tank for separating a coolant from the
compressed gas supplied from the compressor body and stores
the coolant;

a pressure-holding check valve for preventing the
compressed gas from flowing back toward the separator tank
to keep pressure in the separator tank at a second threshold
value or more;

a dryer provided downstream of the pressure-holding
check valve to dehumidify the compressed gas supplied;

a drain discharge valve for discharging a drain from

the dryer; a first pressure sensor for measuring gas pressure
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downstream of the pressure-holding check valve; and

a second pressure sensor for measuring the pressure in
the separator tank, wherein

the method further comprises driving the motor at
second acceleration smaller than first acceleration, the
first acceleration being rated acceleration of the motor,
when a pressure value measured by the first pressure sensor
is less than a first threshold value predetermined at startup
of the motor.
9. The method of operating a compressor, according to
claim 8, wherein

the drain discharge valve is opened when the pressure
value measured by the second pressure sensor is equal to or

more than the second threshold value.
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