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(54) AIR COMPRESSOR AND AIR COMPRESSOR CONTROL METHOD

(57) The present invention provides an air compres-
sor that reduces a load torque at the time of starting. A
compressor 1 includes a compressor body 2, an electric
motor 6 that drives the main body 2, and a current supply
circuit 21 that supplies a current to the electric motor 6.
The circuit 21 is switchable between a steady operation
mode in which arated voltage of apower supply is applied
to the electric motor and a start mode in which a voltage
lower than the rated voltage is applied to the electric mo-
tor. The compressor 1 further includes an intake adjust-
ment valve 100 switchable between an opened state and
aclosed state, and a controller 20 that controls the modes

Fig.1 2

of the circuit 21 and the opened and closed states of the
valve 100. The controller 20 determines whether or not
the electric motor 6 reaches arated rotational speed. The
valve 100 is closed and the circuit 21 is set to the start
mode for a period from a start time to a steady operation
start time when it is determined that a rotational speed
of the electric motor 6 reaches the rated rotational speed,
and the circuit 21 is switched to the steady operation
mode and the valve 100 is opened in synchronization
with the switching for a period after the steady operation
start time.
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Description

TECHNICAL FIELD

[0001] The presentinvention relates toan aircompres-
sor.

BACKGROUND ART

[0002] When a compressor is started especially at a

low temperature, a torque of an electric motor cannot
reach a load torque required to start the compressor,
there are problems that the rotation of the electric motor
stalls and the electric motor cannot be stably started.
Patent Document 1 discloses that a star time is derived
based on a temperature of an oil that lubricates a com-
pressor body in a compressor including a star-delta cir-
cuit that supplies a current to an electric motor.

PRIOR ART DOCUMENT
PATENT DOCUMENT

[0003] Patent Document 1: JP 2015-78607 A

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] However, Patent Document 1 does not disclose
means for reducing a load torque required to start the
compressor.

[0005] An object of the present invention is to reduce
a load torque required to start a compressor.

MEANS FOR SOLVING THE PROBLEMS

[0006] An aspect of the present invention provides an
air compressor including a compressor body compress-
ing an air sucked from a suction port and discharges the
compressed air, an electric motor driving the compressor
body, a current supply circuit receiving a power from a
power supply and then supplying a current to the electric
motor, the current supply circuit being switchable be-
tween a steady operation mode in which a rated voltage
of the power supply is applied to the electric motor and
a start mode in which a voltage lower than the rated volt-
age is applied to the electric motor, an intake adjustment
valve being switchable between an opened state in which
the suction of the air from the suction port is executable
and a closed state in which the suction of the air from the
suction port is blocked, and a controller controlling the
modes of the current supply circuit and the opened and
closed states of the intake adjustment valve. The con-
troller determines whether or not a rotational speed of
the electric motor reaches a rated rotational speed, clos-
es the intake adjustment valve and sets the current sup-
ply circuit to the start mode for a period from a start time
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when the supply of the current to the electric motor is
started to a steady operation start time when it is deter-
mined that the rotational speed of the electric motor
reaches the rated rotational speed, and switches the cur-
rent supply circuit to the steady operation mode and
opens the intake adjustment valve in synchronization
with the switching for a period after the normal operation
start time.

[0007] The intake adjustment valve is closed for a pe-
riod (start-up period) in which the voltage to be applied
to the electric motor is lower than the rated voltage before
the rotational speed of the electric motor reaches the
rated rotational speed after a start time when the supply
of the current to the electric motor is started. That is, for
the start-up period, the suction of the air from the suction
port is blocked, and the air is not supplied to the com-
pressor body. Therefore, for the start-up period, the
torque required for the compressor body to compress the
air becomes unnecessary, and the load torque required
for starting the electric motor can be reduced. Therefore,
the rotation of the electric motor can be prevented from
stalling, and the electric motor can be stably started.
[0008] The air compressor may be an oil-cooled type,
and may further include an oil separating and collecting
device that separates a lubricating oil from the com-
pressed air discharged from the compressor body, and
collects the separated lubricating oil. The controller may
decide a start-up period based on at least one of a tem-
perature of the lubricating oil within the oil separating and
collecting device and a temperature of an oil within an oil
supply line through which the oil within the oil separating
and collecting device is supplied to the compressor body,
and may determine that the rotational speed of the elec-
tric motor reaches the rated rotational speed when the
start-up period elapses after the start time.

[0009] Ingeneral, the viscosity of the lubricating oil be-
comes higher as the temperature of the lubricating oil
becomes lower. Therefore, when the temperature is low,
the load torque required to start the electric motorislarge,
and the time required for the rotational speed of the elec-
tric motor to reach the rated rotational speed is length-
ened. When a starter which is the current supply circuit
is switched to the steady operation mode in which the
rated voltage of the power supply is applied to the electric
motor even though the rotational speed of the electric
motor does not reach the rated rotational speed (for ex-
ample, when a contactor of a star-delta starteris switched
from a star connection to a delta connection), a large
current flows through the starter and the electric motor.
As a result, the supply of the current to the electric motor
may be stopped due to a failure of the starter (for exam-
ple, welding of the contactor) and an overcurrent breaker.
The current supply circuit can be more reliably switched
to the steady operation mode after the rotational speed
of the electric motor reaches the rated rotational speed
by deciding an appropriate length of the start-up period
based on the temperature ofthe lubricating oil. Therefore,
it is possible to prevent the rotation of the electric motor
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from stalling, and it is possible to stably start the electric
motor.

[0010] The air compressor may further include a cur-
rent measurement unit that measures a value of the cur-
rent to be supplied to the electric motor, and the controller
may determine that the rotational speed of the electric
motor reaches the rated rotational speed when the value
of the current measured by the current measurement unit
is equal to or smaller than a predetermined threshold
value after the supply of the current to the electric motor
is started.

[0011] In the starting of the electric motor, the largest
current generally flows through the electric motor imme-
diately after the supply of the power to the electric motor
is started. When the acceleration of the electric motor is
completed and the rotational speed of the electric motor
reaches the rated rotational speed, the current flowing
through the electric motor is decreased, and converges
to a substantially constant value. This convergence value
can be predicted from the specifications of the electric
motor. Therefore, when the value of the current flowing
through the electric motor is equal to or smaller than the
predicted convergence value, it is possible to determine
that the rotational speed of the electric motor reaches
the rated rotational speed. The current supply circuit is
more reliably switchable to the steady operation mode
after the rotational speed of the electric motor reaches
the rated rotational speed by switching the current supply
circuit to the steady operation mode when the value of
the current flowing through the electric motor is equal to
or smaller than the predicted convergence value. There-
fore, it is possible to prevent the rotation of the electric
motor from stalling due to insufficient acceleration, and
it is possible to stably start the electric motor.

[0012] Another aspect of the present invention pro-
vides a method for controlling an air compressor that in-
cludes a compressor body compressing an air sucked
from a suction port and discharges the compressed air,
an electric motor driving the compressor body, a current
supply circuit receiving a power from a power supply and
then supplying a current to the electric motor, the current
supply circuit being switchable between a steady oper-
ation mode in which a rated voltage of the power supply
is applied to the electric motor and a start mode in which
a voltage lower than the rated voltage is applied to the
electric motor, an intake adjustment valve being switch-
able between an opened state in which the suction of the
air from the suction port is executable and a closed state
in which the suction of the air from the suction port is
blocked, and a controller controlling the modes of the
current supply circuit and the opened and closed states
ofthe intake adjustment valve. The methodincludes clos-
ing the intake adjustment valve, and setting the current
supply circuit to the start mode, and switching the current
supply circuit to the steady operation mode, and opening
the intake adjustment valve in synchronization with the
switching when it is determined that a rotational speed
of the electric motor reaches a rated rotational speed. In
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this method, the intake control valve is closed, the current
supply circuit is set to the start mode. When it is deter-
mined that the rotational speed of the electric motor
reaches the rated rotational speed, the current supply
circuit is set to the steady operation mode, and the intake
adjustment valve is opened in synchronization with the
switching.

EFFECT OF THE INVENTION

[0013] According to the present invention, the load
torque required for starting the compressor can be re-
duced.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a schematic diagram illustrating an air com-
pressor according to a first embodiment of the
present invention.

Fig. 2 is a flowchart illustrating steps for starting an
electric motor according to the first embodiment.
Fig. 3 is a schematic diagram illustrating a specific
example of a current supply circuit.

Fig. 4 is a schematic diagram illustrating another
specific example of the current supply circuit.

Fig. 5 is a schematic diagram illustrating an air com-
pressor according to a second embodiment of the
present invention.

Fig. 6 is a flowchart illustrating steps for starting an
electric motor according to the second embodiment.
Fig. 7 is a flowchart illustrating steps for starting an
electric motor according to a modification example
of the second embodiment.

Fig. 8 is a schematic diagram illustrating an air com-
pressor according to a third embodiment of the
present invention.

Fig. 9 is a flowchart illustrating steps for starting an
electric motor according to the third embodiment.
Fig. 10 is a flowchart illustrating steps for starting an
electric motor according to a modification example
of the third embodiment.

MODE FOR CARRYING OUT THE INVENTION
(First embodiment)

[0015] Fig. 1 illustrates an oil-cooled air compressor 1
according to a first embodiment of the present invention.
The aircompressor 1includes an intake adjustmentvalve
100, a compressor body 2 which is a screw compressor,
an electricmotor6, an oil separating and collecting device
8, a current supply circuit 21, an oil temperature sensor
19, and a controller 20.

[0016] The compressor body 2 includes a pair of male
and female rotors (screw rotors) 3. The rotor 3 is driven
to rotate by the electric motor 6. A suction port 4 for suck-
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ing an upstream air is formed in the compressor body 2.
[0017] The compressor body 2 includes a discharge
port 5 on a downstream side. The discharge port 5 is
connected to the oil separating and collecting device 8
via a discharge channel 7. The rotor 3 of the compressor
body 2 driven to rotate by the electric motor 6 compresses
the air supplied from the suction port 4, and discharges
the compressed air to the discharge port 5.

[0018] The compressed air discharged from the dis-
charge port 5 contains a large amount of oil. This com-
pressed air flows into the oil separating and collecting
device 8 through the discharge channel 7. The oil sepa-
rating and collecting device 8 includes an oil separation
element 9 disposed at an upper part, and an oil tank 10
disposed at a lower part. The oil separation element 9
separates the compressed air containing oil flowed into
the oil separating and collecting device 8 into gas and
liquid (compressed air and oil). The oil separated by the
oil separation element 9 is temporarily stored in the oil
tank 10 disposed at the lower portion by gravity.

[0019] The compressed air separated from the oil by
the oil separation element 9 flows from an outlet of the
oil separating and collecting device 8 to an air passage
12. Most of the compressed air supplied to the air pas-
sage 12 is supplied to an air passage 13. Part of the
compressed air supplied to the air passage 12 is also
supplied to an air passage 14. The air passage 13 is
fluidly connected to a downstream side (not illustrated),
andthe compressed airis supplied to a supply destination
(notillustrated) on the downstream side. A pressure hold-
ing valve 11 that holds a pressure of the compressed air
at a predetermined pressure or higher on a primary side
is provided at the air passage 13.

[0020] The oil tank 10 of the lower part of the oil sep-
arating and collecting device 8 is connected to the com-
pressor body 2 via an oil supply line 17. A lubricating oil
stored in the oil tank 10 of the oil separating and collecting
device 8 flows to the compressor body 2 through the oil
supply line 17 due to a pressure difference between the
oil separating and collecting device 8 and the compressor
body 2.

[0021] In order to prevent a high-temperature lubricat-
ing oil from flowing to the compressor body 2, the lubri-
cating oil stored in the oil tank 10 of the oil separating
and collecting device 8 may be cooled by passing through
an oil cooler (not illustrated), and may flow to the com-
pressor body 2.

[0022] The intake adjustment valve 100 is disposed on
the upstream side of the compressor body 2, and is con-
nected to the suction port 4 of the compressor body 2
through an intake passage 18. The intake adjustment
valve 100 includes a suction part 101 and a cylinder part
102 formed above the suction part 101.

[0023] In the illustrated example, the suction part 101
has an L-shaped suction casing 103. The suction casing
103 has an air filter (not illustrated) in contact with an
atmosphere, and includes an inlet 106 through which air
can be introduced into a suction space portion 105 within
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the suction casing 103 at one end, and includes an outlet
107 at the other end (a lower end in Fig. 1). The outlet
107 is fluidly connected to the intake passage 18 con-
nected to the suction port 4 of the compressor body 2.
[0024] The cylinder part 102 has a cylinder casing 104
formed above the suction casing 103. The cylinder casing
104 may be formed integrally with the suction casing 103.
[0025] A valve seat 109 that can be sealed by a valve
body 108 is formed around the outlet 107. The valve body
108 has a plate-like shape that extends in a direction
perpendicular to a vertical direction. A guide rod 110 ex-
tending in the vertical direction is provided at a center of
the valve body 108. The guide rod 110 passes through
a wall of an upper end of the suction casing 103, and
extends into the cylinder casing 104. A piston member
111 is fixed to an upper end of the guide rod 110 within
the cylinder casing 104, for example, by screwing.
[0026] The piston member 111 is attached such that a
sidewall within the cylinder casing 104 can be slid up and
down. The piston member 111 divides a space within the
cylinder casing 104 into a lower space portion 112 below
the piston member 111 and an upper space portion 113
above the piston member 111. The lower space portion
112 and the upper space portion 113 are not fluidly in
communication with each other. The lower space portion
112 is connected to an air passage 15, and the upper
space portion 113 is connected to an air passage 16.
[0027] A coil spring 114 thatis wound around the guide
rod 110 is attached below the piston member 111 within
the cylinder casing 104, thatis, in the lower space portion
112. The coil spring 114 urges the piston member 111
upward.

[0028] The valve body 108 disposed at a lower end of
the guide rod 110 can move up and down. Therefore,
when a downward force applied to an upper surface of
the piston member 111 becomes larger than an upward
force applied to a lower surface of the piston member
111, the guide rod 110 and the valve body 108 move
downward together with the piston member 111.

[0029] Inthe illustrated example, the air compressor 1
further includes a three-way solenoid valve 115. The air
passage 14 through which the compressed air from the
oil separating and collecting device 8 flows, the air pas-
sage 15 connected to the lower space portion 112 of the
cylinder casing 104, and the air passage 16 connected
to the upper space portion 113 of the cylinder casing 104
are connected to three ports of the three-way solenoid
valve 115, respectively. The three-way solenoid valve
115 is electrically connected to the controller 20. The
controller 20 can switch between a first state in which the
air passage 16 and the air passage 15 are fluidly con-
nected and a second state in which the air passage 16
and the air passage 14 are fluidly connected by control-
ling the three-way solenoid valve 115.

[0030] In the illustrated example, the suction space
portion 105 within the suction casing 103 and the intake
passage 18 on the downstream side of the intake adjust-
ment valve 100 are fluidly connected via the air passage
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116.Acheckvalve 117 is attached to the air passage 116.
[0031] An operation of setting the intake adjustment
valve 100 to an opened state will be described. The con-
troller 20 sets the three-way solenoid valve 115 to the
first state (that is, fluidly connects the air passage 16 and
the air passage 14). Therefore, the compressed air from
the oil separating and collecting device 8 is supplied to
the upper space portion 113, and a pressure within the
upper space portion 113 is increased. Accordingly, the
downward force applied to the upper surface of the piston
member 111 is increased. When this downward force is
large than the upward force applied to the lower surface
ofthe piston member 111 which is mainly the urging force
of the coil spring 114, the guide rod 110 and the valve
body 108 move downward together with the piston mem-
ber 111. Therefore, a gap is formed between the valve
body 108 and the valve seat 109, and the outlet 107 of
the intake adjustment valve 100 is opened. Therefore,
the air sucked from the inlet 106 of the intake adjustment
valve 100 is supplied to the suction port 4 of the com-
pressor body 2 through the outlet 107 of the intake ad-
justment valve 100 and the intake passage 18.

[0032] Next, an operation of setting the intake adjust-
ment valve 100 to a closed state will be described. The
controller 20 sets the three-way solenoid valve 115 to
the second state (that is, fluidly connects the air passage
16 and the air passage 15). Therefore, the air within the
upper space portion 113 at a high pressure flows into the
lower space portion 112, and the pressure within the up-
per space 113 is decreased. Accordingly, the downward
force applied to the upper surface of the piston member
111 is decreased. When this downward force is smaller
than the upward force applied to the lower surface of the
piston member 111 which is mainly the urging force of
the coil spring 114, the guide rod 110 and the valve body
108 move upward together with the piston member 111.
Therefore, the gap between the valve body 108 and the
valve seat 109 is closed, and the outlet 107 of the intake
adjustment valve 100 is closed.

[0033] As described above, the intake adjustment
valve 100 is switchable between the opened state in
which the air can be introduced from the outlet 107 to the
suction port 4 and the closed state in which the introduc-
tion of the air from the outlet 107 to the suction port 4 is
blocked by the controller 20.

[0034] A power is supplied from a power supply 22 to
the electric motor 6 via the current supply circuit (starter)
21. The current supply circuit 21 is connected to the con-
troller 20. A direct starting (full-voltage starting) method
which is one of a general starting methods of the motor
has a problem that a large current flows when the electric
motor is started. In order to prevent this, the starter which
is the current supply circuit 21 is provided, and the current
supply circuit 21 is switchable between a start mode in
which a voltage lower than a rated voltage of the power
supply 22 is applied to the electric motor 6 and a steady
operation mode in which the rated voltage of the power
supply 22 is applied to the electric motor 6 by the con-
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troller 20. Further details of an operation of the electric
motor 6 at the time of starting will be described below.
[0035] The oil temperature sensor 19 that measures a
temperature of the lubricating oil stored in the oil tank 10
is attached to the oil separating and collecting device 8.
Alternatively, the oil temperature sensor 19 may be at-
tached to the oil supply line 17 and measure the temper-
ature of the lubricating oil in the oil supply line 17. Alter-
natively, the oil temperature sensor 19 may be attached
to both the oil separating and collecting device 8 and the
oil supply line 17. The oil temperature sensor 19 is con-
nected to the controller 20, and thus, the controller 20
can acquire the temperature of the lubricating oil meas-
ured by the oil temperature sensor 19.

[0036] Next, the operation of the electric motor 6 will
be described with reference to Fig. 2. Since the steady
operation of the motor 6 is known, the description is omit-
ted, and only the operation (start operation) of the electric
motor 6 for a period (start-up period) from a start time
when the supply of the current to the electric motor 6 is
started to a steady operation start time when a rotational
speed of the electric motor 6 reaches a rated rotational
speed will be described.

[0037] First, in step S101 in Fig. 2, the oil temperature
sensor 19 measures the temperature of the lubricating
oil in the oil tank 10 or the oil supply line 17 of the oil
separating and collecting device 8 or both in the oil tank
and the oil supply line.

[0038] Inthe nextstep S102, the controller 20 decides
alength of the start-up period based on the temperature
of the lubricating oil measured in step S101. The length
of the start-up period is preset for the assumed temper-
ature of the lubricating oil, and may be selected by the
controller 20 according to the temperature of the lubri-
cating oilmeasuredin step S101. Alternatively, the length
of the start-up period may be derived by a prepro-
grammed calculation expression by using the tempera-
ture of the lubricating oil measured in step S101. In gen-
eral, the viscosity of the lubricating oil becomes higher
as the temperature of the lubricating oil becomes lower.
Therefore, when the temperature is low, a load torque
required to start the electric motor 6 is large, and a time
required until the rotational speed of the electric motor 6
reaches the rated rotational speed becomes long. When
the current supply circuit 21 is switched to the steady
operation mode in which the rated voltage of the power
supply 22 is applied to the electric motor 6 even though
the rotational speed of the electric motor 6 does notreach
the rated rotational speed, a large current flows through
the electric motor 6. As a result, the supply of the current
to the electric motor 6 may be stopped due to a failure
of the current supply circuit (starter) 21 and an overcur-
rent breaker. Therefore, it is possible to more reliably
switch the current supply circuit 21 to the steady opera-
tion mode after the rotational speed of the electric motor
6 reaches the rated rotational speed by deciding an ap-
propriate length of the start-up period based on the tem-
perature of the lubricating oil. Therefore, the length of the
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starting period is generally set so as to be increased as
the temperature of the lubricating oil is decreased.
[0039] In step S103, the controller 20 sets the intake
adjustment valve 100 to the closed state (confirms that
the valve is in the closed state). Accordingly, a torque
required for the compressor body 2 to compress the air
becomes unnecessary, and a load torque required for
starting the electric motor 6 can be reduced. Although it
has been described that step S103 is executed after
steps S101and S102, step S103 may be executed before
step S101.

[0040] Next, in step S104, the controller 20 sets the
current supply circuit 21 to the start mode. The current
is supplied to the electric motor 6.

[0041] In step S105, the controller 20 determines
whether or not the start-up period decided in step S102
elapses after the completion of step S104. When the
start-up period elapses, the processing proceeds to step
S106. A case where the start-up period elapses means
that it is determined that the rotational speed of the elec-
tric motor 6 reaches the rated rotational speed.

[0042] Instep S106, the controller 20 switches the cur-
rent supply circuit 21 to the steady operation mode.
[0043] In step S107, the intake adjustment valve 100
is switched to the opened state in synchronization with
the switching of the current supply circuit 21 to the steady
operation mode in step S106. The term "synchronization"
used herein includes a case where the switching of the
current supply circuit 21 and the switching of the intake
adjustment valve 100 are simultaneously performed, but
is not limited thereto. Both the switching operations may
be performed slightly before and after. Thatis, the switch-
ing of the intake adjustmentvalve 100 to the opened state
may be performed slightly after the switching of the cur-
rent supply circuit 21 to the steady operation mode, and
vice versa. Therefore, step S107 may be performed im-
mediately before step S106.

[0044] Next, a specific example of the current supply
circuit 21 is illustrated in Figs. 3 and 4. The current supply
circuit 21 of Fig. 3 is an example of a star-delta circuit
which is a starter. Fig. 3 also illustrates the electric motor
6 in order to clarify the connection between the current
supply circuit 21 and the electric motor 6. The power sup-
ply 22 (see Fig. 1) which is a three-phase AC power sup-
ply is connected to an upstream side of the current supply
circuit 21 of Fig. 3. The controller 20 can control contac-
tors 31, 32, and 33 such as electromagnetic contactors
to switch between a star connection and a delta connec-
tion of the star-delta circuit. The star-connected current
supply circuit 21 corresponds to the start mode of the
current supply circuit21, and the delta-connected current
supply circuit 21 corresponds to the steady operation
mode of the current supply circuit 21. As described
above, a known star-delta starting method can be applied
to the electric motor 6 according to the first embodiment
of the present invention.

[0045] The current supply circuit 21 of Fig. 4 corre-
sponds to a known reactor starting method. Fig. 4 also
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illustrates the electric motor 6 in order to clarify the con-
nection between the current supply circuit 21 and the
electric motor 6. The power supply 22 (see Fig. 1) which
is a three-phase AC power supply is connected to the
upstream side of the current supply circuit 21 of Fig. 4.
When the electric motor 6 is started, the controller 20
sets the current supply circuit 21 to the start mode by
closing a contactor 41 and opening a contactor 42. The
reactor is inserted between the power supply 22 and the
electric motor 6 in this manner, and thus, a voltage drop
occurs due to the reactor. Accordingly, a start current
flowing through the electric motor 6 can be reduced. In
the steady operation mode, the controller 20 closes the
contactor 42 and short-circuits the reactor. Therefore,
the rated voltage of the power supply 22 is supplied to
the electric motor 6. As described above, a known reactor
starting method can be applied to the electric motor 6
according to the first embodiment of the present inven-
tion.

[0046] Although not illustrated, the current supply cir-
cuit 21 may have a Korndorfer configuration in which a
three-phase autotransformer is inserted between the
power supply 22 and the electric motor 6 when the electric
motor 6 is started. As described above, a known Korn-
dorfer starting method can be applied to the electric motor
6 according to the first embodiment of the present inven-
tion.

[0047] As described above, in the first embodiment of
the presentinvention, when the electric motor 6 is started,
the torque required for the compressor body 2 to com-
press the air becomes unnecessary by setting the intake
adjustment valve 100 to the closed state. Therefore, the
load torque required to start the electric motor 6 can be
reduced, and the rotational speed of the electric motor 6
can be more reliably set to the rated rotational speed in
the start time decided by using the temperature of the
lubricating oil. Therefore, it is possible to prevent the ro-
tation of the electric motor 6 from stalling after switching
to the steady operation mode, and it is possible to stably
start the electric motor 6.

(Second embodiment)

[0048] Fig. 5illustrates an air compressor 1 according
to a second embodiment of the presentinvention. In Fig.
5, the same symbols as those in Fig. 1 indicate the same
or corresponding parts. In the following description, in
principle, parts different from those of the first embodi-
ment will be described, and description of other parts will
be omitted.

[0049] A current sensor 23 which is a current meas-
urement unit that measures a value of a current supplied
to the electric motor 6 is connected to a wiring between
the current supply circuit 21 and the electric motor 6. The
current sensor 23 is connected to the controller 20, and
thus, the controller 20 can acquire the current value
measured by the current sensor 23. As described above,
in the second embodiment of the present invention, the
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controller 20 acquires the value of the current supplied
to the electric motor 6 instead of the temperature of the
lubricating oil according to the first embodiment of the
present invention.

[0050] Next, a start operation of the electric motor 6
will be described with reference to Fig. 6. First, in step
S201inFig. 6, the controller 20 sets the intake adjustment
valve 100 to the closed state (confirms that the valve is
in the closed state).

[0051] Next, in step S202, the controller 20 sets the
current supply circuit 21 to the start mode. The current
is supplied to the electric motor 6.

[0052] In step S203, the controller 20 determines
whether or not the current value measured by the current
sensor 23 is equal to or smaller than a predetermined
value. In the starting of the electric motor 6, the largest
current generally flows through the electric motor 6 im-
mediately after the supply of the power to the electric
motor 6 is started. When the acceleration of the motor 6
is completed and the rotational speed of the electric motor
6 reaches the rated rotational speed, the current flowing
through the electric motor 6 is decreased, and converges
to a substantially constant value. This convergence value
can be predicted from the specifications of the electric
motor 6. Therefore, when the value of the current flowing
through the electric motor 6 is equal to or smaller than
the predicted convergence value, it is possible to deter-
mine that the rotational speed of the electric motor 6
reaches the rated rotational speed. When the current val-
ue measured by the current sensor 23 is equal to or small-
er than the predetermined value, the processing pro-
ceeds to step S204.

[0053] Instep S204, the controller 20 switches the cur-
rent supply circuit 21 to the steady operation mode.
[0054] In step S205, the intake adjustment valve 100
is switched to the opened state in synchronization with
the switching of the current supply circuit 21 to the steady
operation mode in step S204. As in the case of the first
embodiment of the present invention, step S205 may be
performed immediately before step S204.

[0055] The air compressor 1 according to the second
embodiment of the present invention is not limited to the
oil-cooled air compressor 1, but also includes an oil-free
air compressor 1.

[0056] Asdescribedabove, in the second embodiment
ofthe presentinvention, the load torque required for start-
ing the electric motor 6 can be reduced by setting the
intake adjustment valve 100 to the closed state when the
electric motor 6 is started. In the second embodiment of
the present invention, since it is determined whether or
not the rotational speed of the electric motor 6 reaches
the rated rotational speed by measuring the current flow-
ing through the electric motor 6, it is possible to more
reliably prevent the rotation of the electric motor 6 from
stalling, and it is possible to stably start the electric motor
6.

[0057] Next, a modification example of the second em-
bodiment of the present invention will be described. In
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the modification example of the second embodiment of
the present invention, the controller 20 acquires the ro-
tational speed of the electric motor 6 measured by a ro-
tational speed measurement unit (not illustrated).
[0058] Fig. 7 is a flowchart illustrating a start operation
of the electric motor 6 according to the modification ex-
ample of the second embodiment of the present inven-
tion. In step S303 of the modification example of the sec-
ond embodiment of the present invention, the controller
20 determines whether or notthe rotational speed of elec-
tric motor 6 measured by the rotational speed measure-
ment means reaches the rated rotational speed. Steps
S301, S302, S304, and S305 other than step S303 of
the modification example of the second embodiment of
the present invention are the same as the steps of the
second embodiment of the present invention.

[0059] As described above, in the modification exam-
ple of the second embodiment of the present invention,
it is possible to more reliably determine whether the ro-
tational speed of the electric motor 6 reaches the rated
rotational speed. Therefore, itis possible to more reliably
prevent the rotation of the electric motor 6 from stalling,
and it is possible to stably start the electric motor 6.

(Third embodiment)

[0060] Fig. 8illustrates an air compressor 1 according
to a third embodiment of the present invention. In Fig. 8,
the same symbols as those in Figs. 1 and 5 indicate the
same or corresponding parts. In the following description,
in principle, parts different from those of the first embod-
iment and parts different from those of the second em-
bodiment will be described, and description of other parts
will be omitted.

[0061] In the third embodiment of the present inven-
tion, the air compressor 1 includes both the oil tempera-
ture sensor 19 and the current sensor 23. The oil tem-
perature sensor 19 and the current sensor 23 are con-
nected to the controller 20, and thus, the controller 20
can acquire the temperature of the lubricating oil meas-
ured by the oil temperature sensor 19 and the current
value measured by the current sensor 23.

[0062] Next, a start operation of the electric motor 6
will be described with reference to Fig. 9. First, in step
S401 of Fig. 9, the oil temperature sensor 19 measures
the temperature of the lubricating oil in the oil tank 10 or
the oil supply line 17 of the oil separating and collecting
device 8 or both in the oil tank and the oil supply line.
[0063] Inthe nextstep S402, the controller 20 decides
a length of the start-up period based on the temperature
of the lubricating oil measured in step S401.

[0064] In step S403, the controller 20 sets the intake
adjustment valve 100 to the closed state (confirms that
the valve is in the closed state). Step S403 may be per-
formed before step S401.

[0065] Next, in step S404, the controller 20 sets the
current supply circuit 21 to the start mode. The current
is supplied to the electric motor 6.
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[0066] In step S405, the controller 20 determines
whether or not the start-up period decided in step S402
elapses after the completion of step S404. When the
start-up period does not elapse, the processing proceeds
to step S406. When the start-up period elapses, the
processing proceeds to step S407.

[0067] In step S406, the controller 20 determines
whether or not the current value measured by the current
sensor 23 is equal to or smaller than a predetermined
value. When the current value measured by the current
sensor 23 is equal to or smaller than the predetermined
value, the processing proceeds to step S407, and when
the current value is not equal to or smaller than the pre-
determined value, the processing returns to step S405.
[0068] Instep S407,the controller 20 switches the cur-
rent supply circuit 21 to the steady operation mode.
[0069] In step S408, the intake adjustment valve 100
is switched to the opened state in synchronization with
the switching of the current supply circuit 21 to the steady
operation mode in step S407. As in the cases of the first
embodiment and the second embodiment of the present
invention, step S408 may be performed immediately be-
fore step S407.

[0070] Next, a modification example of the third em-
bodiment of the present invention will be described. In
the modification example of the third embodiment of the
presentinvention, the controller 20 acquires the rotation-
al speed of the electric motor 6 measured by a rotational
speed measurement unit (not illustrated).

[0071] Fig. 10isaflowchartillustrating a start operation
of the electric motor 6 according to the modification ex-
ample of the third embodiment of the present invention.
In step S506 of the modification example of the third em-
bodiment of the present invention, the controller 20 de-
termines whether or not the rotational speed of electric
motor 6 measured by the rotational speed measurement
means is the rated rotational speed. Steps S501 to S505,
S507, and S508 other than step S506 of the modification
example of the third embodiment of the present invention
are the same as the steps of the third embodiment of the
present invention.

DESCRIPTION OF SYMBOLS

[0072]

1 air compressor

2 compressor body

3 rotor

4 suction port

5 discharge port

6 electric motor

7 discharge channel

8 oil separating and collecting device
9 oil separation element
10 oil tank

11 pressure holding valve
12to 16  air passage
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17
18
19
20
21
22
23
311033
41,42
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
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oil supply line

intake passage

oil temperature sensor
controller

current supply circuit
power supply

current sensor (current measurement unit)
contactor

contactor

intake adjustment valve
suction part

cylinder part

suction casing

cylinder casing

suction space portion
inlet

outlet

valve body

valve seat

guide rod

piston member

lower space portion
upper space portion
coil spring

three-way solenoid valve
air passage

check valve

1. An air compressor comprising:

a compressor body compressing an air sucked
from a suction port and discharges the com-
pressed air;

an electric motor driving the compressor body;
a current supply circuit receiving a power from
a power supply and then supplying a current to
the electric motor, the current supply circuit be-
ing switchable between a steady operation
mode in which a rated voltage of the power sup-
ply is applied to the electric motor and a start
mode in which a voltage lower than the rated
voltage is applied to the electric motor;

an intake adjustment valve being switchable be-
tween an opened state in which the suction of
the air from the suction port is executable and a
closed state in which the suction of the air from
the suction port is blocked; and

a controller controlling the modes of the current
supply circuit and the opened and closed states
of the intake adjustment valve,

wherein the controller determines whether or not
a rotational speed of the electric motor reaches
a rated rotational speed,

wherein the controller closes the intake adjust-
ment valve and sets the current supply circuit to
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the start mode for a period from a start time when
the supply of the current to the electric motor is
started to a steady operation start time when it
is determined that the rotational speed of the
electric motor reaches the rated rotational
speed, and

wherein the controller switches the current sup-
ply circuit to the steady operation mode and
opens the intake adjustment valve in synchro-
nization with the switching for a period after the
normal operation start time.

The air compressor according to claim 1, wherein
the air compressor is an oil-cooled air compressor,
and further includes an oil separating and collecting
device that separates a lubricating oil from the com-
pressed air discharged from the compressor body,
and collects the separated lubricating oil, and

the controller decides a start-up period based on at
least one of a temperature of the lubricating oil within
the oil separating and collecting device and a tem-
perature of an oil within an oil supply line through
which the oil within the oil separating and collecting
device is supplied to the compressor body, and de-
termines that the rotational speed of the electric mo-
tor reaches the rated rotational speed when the start-
up period elapses after the start time.

The air compressor according to claim 1 further com-
prising a current measurement unit that measures a
value of the current to be supplied to the electric mo-
tor,

wherein the controller determines that the rotational
speed of the electric motor reaches the rated rota-
tional speed when the value of the current measured
by the current measurement unit is equal to or small-
er than a predetermined threshold value after the
supply of the current to the electric motor is started.

A method for controlling an air compressor, the air
compressor comprising:

a compressor body compressing an air sucked
from a suction port and discharges the com-
pressed air;

an electric motor driving the compressor body;
a current supply circuit receiving a power from
a power supply and then supplying a current to
the electric motor, the current supply circuit be-
ing switchable between a steady operation
mode in which a rated voltage of the power sup-
ply is applied to the electric motor and a start
mode in which a voltage lower than the rated
voltage is applied to the electric motor;

an intake adjustment valve being switchable be-
tween an opened state in which the suction of
the air from the suction port is executable and a
closed state in which the suction of the air from
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the suction port is blocked; and

a controller controlling the modes of the current
supply circuit and the opened and closed states
of the intake adjustment valve,

the method comprising:

closing the intake adjustment valve, and
setting the current supply circuit to the start
mode; and

switching the current supply circuit to the
steady operation mode, and opening the in-
take adjustment valve in synchronization
with the switching when itis determined that
a rotational speed of the electric motor
reaches a rated rotational speed.
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