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(57) ABSTRACT

A machine state monitoring device is a machine state
monitoring device that is intended for a motor drive device
of a machine tool. The motor drive device includes: a motor;
a converter and an inverter that adjust a power supply
voltage; a power failure detection unit that acquires an input
voltage of the motor drive device so as to detect a power
failure in the motor drive device; and a communication unit
that transmits, based on the result of the detection of the
detection unit, a time when the power failure is started, and
a time when the power failure is completed. The machine
state monitoring device includes: a communication unit that
receives information of the time when the power failure is
started and the time when the power failure is completed
from the communication unit of the motor drive device; and
a storage unit that stores the information.
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MACHINE STATE MONITORING DEVICE

[0001] This application is based on and claims the benefit
of priority from Japanese Patent Application No. 2018-
086752, filed on 27 Apr. 2018, the content of which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to machine state
monitoring devices.

Related Art

[0003] In a machine tool, a motor drive device for driving
a motor in the machine tool is provided. The motor drive
device is connected to an alternating-current power supply,
and a power supply current is adjusted through a converter
and an inverter and is then input to the motor. Since the
motor is connected to the drive axis of the machine tool, it
is necessary to keep the power supply of the motor drive
device normal so that the machine tool is normally operated.
[0004] However, when an abnormality occurs in the power
supply of the motor drive device, for example, when a power
failure occurs, an insufficient power supply voltage causes
the motor to be stopped. A machine tool disclosed in patent
document 1 monitors the voltage of a power supply in order
to detect an abnormality in the power supply, and performs
a protection operation of immediately stopping or retracting
a motor according to the detection of a power failure so as
to prevent the damage of the machine tool.
[0005] Patent Document 1: Japanese Unexamined Patent
Application, Publication No. 2017-28793

SUMMARY OF THE INVENTION

[0006] However, in a general technology such as the
technology of patent document 1, after the protection opera-
tion is performed, the power supply is turned off, power is
thereafter returned in the initial state and thus it is likely that
an operator cannot find the reason why the power of the
machine tool is returned. When the operator manages a
plurality of machine tools, the operator needs to individually
check whether a power failure occurs in each of the machine
tools, and thus the management may become complicated.
[0007] An object of the present invention is to provide a
machine state monitoring device that can easily manage the
state of a machine tool.

[0008] (1) A machine state monitoring device 100 accord-
ing to the present invention is a machine state monitoring
device that is intended for a motor drive device (for
example, a motor drive device 10 described later) of a
machine tool, the motor drive device includes: a motor (for
example, a motor 30 described later); a converter (for
example, a converter 11 described later) and an inverter (for
example, an inverter 12 described later) that adjust a power
supply voltage so as to supply power to the motor; a
detection unit (for example, a power failure detection unit 15
described later) that acquires an input voltage of the motor
drive device so as to detect a power failure in the motor drive
device; and a transmission unit (for example, a communi-
cation unit 17 described later) that transmits, based on the
result of the detection of the detection unit, a time when the
power failure is started, and a time when the power failure
is completed, and the machine state monitoring device
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includes: a reception unit (for example, a communication
unit 120 described later) that receives information of the
time when the power failure is started and the time when the
power failure is completed from the transmission unit of the
motor drive device provided in each of a plurality of the
machine tools (for example, machine tools 1 to n described
later); and a storage unit (for example, a storage unit 130
described later) that stores the information.

[0009] (2) Preferably, the transmission unit described in
(1) transmits information on whether a protection operation
for protecting the machine tool is completed during a period
from the time when the power failure is started until the time
when the power failure is completed, and the storage unit
further stores the information.

[0010] (3) Preferably, the transmission unit described in
(1) or (2) further transmits, to the machine state monitoring
device, information of the state of machining in the machine
tool when the power failure is detected, and the storage unit
further stores the information.

[0011] (4) Preferably, the transmission unit described in
any one of (1) to (3) further transmits, to the machine state
monitoring device, information of the waveform of the input
voltage at the time when the power failure is started, and the
storage unit further records the information.

[0012] (5) Preferably, when a protection operation for
protecting the machine tool is performed during a period
from the time when the power failure is started until the time
when the power failure is completed, the transmission unit
described in any one of (1) to (4) further transmits, to the
machine state monitoring device, at least one of pieces of
information that are the speed of the motor, the torque of the
motor, and the output voltage of the converter during the
protection operation, and the storage unit further records the
information.

[0013] (6) Preferably, after the power failure is completed
and then the power of the machine tool is returned, the
transmission unit described in any one of (1) to (5) transmits
again the information to the machine state monitoring
device.

[0014] (7) Preferably, the motor drive device described in
any one of (1) to (6) further includes an anti-power failure
device (for example, an anti-power failure device 40
described later) that includes an electric storage means, the
transmission unit transmits information of the amount of
electricity stored in the electric storage means, and the
storage unit further stores the information.

[0015] (8) Preferably, the machine state monitoring device
100 described in any one of (1) to (7) further includes a
control unit (for example, a control unit 110 described later)
that controls the machine tools, and the control unit sets, for
the detection unit in each of the machine tools, a voltage for
the detection of the power failure by the detection unit.
[0016] According to the present invention, it is possible to
provide a machine state monitoring device that can easily
manage the state of a machine tool.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a block diagram showing an entire system
that includes a machine state monitoring device according to
a first embodiment of the present invention;

[0018] FIG. 2 is a flowchart showing a monitoring process
in the first embodiment of the present invention;
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[0019] FIG. 3 is a block diagram showing an entire system
that includes a machine state monitoring device according to
a second embodiment of the present invention; and
[0020] FIG. 4 is a flowchart showing a monitoring process
in the second embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0021] Embodiments of the present invention will be
described below with reference to drawings. FIG. 1 is a
block diagram showing an entire system that includes a
machine state monitoring device according to a first embodi-
ment of the present invention. The machine state monitoring
device 100 is a device that monitors the states of operations
of a plurality of machine tools 1 to n and is connected to the
machine tools 1 to n so as to be able to communicate
therewith. In the following discussion, when the machine
tools 1 to n are not distinguished, a description will be given
of the machine tool 1. Although the machine tool here
typically refers to a machine that performs various types of
machining, in addition thereto, the machine tool widely
includes a transport mechanism, a movement mechanism,
and the like that do not directly perform machining.
[0022] The machine state monitoring device 100 includes
a control unit 110, a communication unit 120, and a storage
unit 130. The control unit 110 controls the overall operation
of the machine state monitoring device 100. The commu-
nication unit 120 receives information transmitted from the
machine tools 1 to n, and the control unit 110 stores the
received information in the storage unit 130. The control
unit 110 performs, based on the information stored in the
storage unit 130, predetermined control on the machine tool
1.

[0023] The machine tool 1 includes a motor drive device
10, a power supply 20, and a motor 30. The motor drive
device 10 is connected to the power supply 20, and an
alternating-current voltage input from the power supply 20
is adjusted through a converter 11 and an inverter 12 and is
thereafter input to the motor 30. The motor 30 is connected
to a drive axis that is not shown, and the motor 30 drives the
drive axis so as to control a tool, whereby the machine tool
1 performs various type of machining such as cutting,
welding, and the like on a workpiece.

[0024] A power failure detection unit 15 is connected
between the power supply 20 and the converter 11 and
acquires, from the power supply 20, an input voltage to the
motor drive device 10. The power failure detection unit 15
detects the state of the power supply 20 based on the value
of'the input voltage, and for example, when the input voltage
is significantly lowered, the power failure detection unit 15
detects that the power supply 20 is subjected to a power
failure (hereinafter referred to as a “power failure state™).
The voltage for detecting the power failure state may differ
for each of the machine tools 1 to n.

[0025] The power failure detection unit 15 is connected to
control units 13 and 14, and the information on the voltage
detected in the power failure detection unit 15 is transmitted
to the control units 13 and 14. The information on the
voltage transmitted to the control units 13 and 14 is tem-
porarily stored in the storage unit 18 of a controller 16 and
is thereafter transmitted by a communication unit 17 to the
machine state monitoring device 100.

[0026] The converter 11 is connected to the control unit
13, and the inverter 12 is connected to the control unit 14.
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The control units 13 and 14 can be controlled through the
controller 16 by the machine state monitoring device 100.
For example, the control unit 110 of the machine state
monitoring device 100 can collectively set, for the power
failure detection unit 15 in each of the machine tools 1 to n,
the voltage when the power failure detection unit 15 detects
the power failure state to an arbitrary voltage such as the
same voltage or an individually different voltage.

[0027] The converter 11 converts the alternating-current
voltage supplied from the power supply 20 into a direct-
current voltage and inputs it to the inverter 12. The inverter
12 converts the direct-current voltage output by the con-
verter 11 into an alternating-current voltage of a predeter-
mined voltage and a predetermined frequency for driving the
motor 30. In this way, the motor 30 is operated based on the
alternating-current voltage of an arbitrary voltage and an
arbitrary frequency.

[0028] FIG. 2 is a flowchart showing a monitoring process
in the first embodiment of the present invention. The moni-
toring process is started when the power supply of the
machine tool 1 is turned on and is completed when the
power supply is turned off. A program (hereinafter referred
to as a “monitoring process program”) for performing the
monitoring process is recorded in the storage unit 130.
[0029] In the monitoring process, when the power failure
detection unit 15 acquires the input voltage from the power
supply 20 so as to monitor the state of the power supply 20
and detects an abnormality in the power supply 20, the
machine state monitoring device 100 performs predeter-
mined processing described in detail below. Although for
convenience of illustration, the monitoring process on the
machine tool 1 will be described, actual monitoring process
is performed in parallel on the machine tools 1 to n.
[0030] In step S11, the power failure detection unit 15
acquires the input voltage from the power supply 20. In step
S12, the power failure detection unit 15 determines whether
the acquired voltage is less than a predetermined value.
Here, the predetermined value in the present embodiment
refers to a low voltage that prevents the motor drive device
10 from being operated, for example, a voltage in the power
failure state. In step S12, when the input voltage is equal to
or more than the predetermined value, the processing in step
S11 is repeated. In step S12, when it is determined that the
input voltage is less than the predetermined value, that is, is
in the power failure state, the process proceeds to step S13.
[0031] In step S13, the motor drive device 10 transmits,
from the communication unit 17 of the controller 16 to the
machine state monitoring device 100, all pieces of or at least
any one of pieces of information that are the input voltage
and its waveform, the time when the power failure state is
detected, and the state of machining when the power failure
state is detected. The machine state monitoring device 100
receives the information in the communication unit 120, and
the received information is stored in the storage unit 130.
The information is associated with each of the machine tools
1 to n so as to be individually recorded. The state of
machining refers to, for example, the position information of
the tool with respect to the workpiece or information indi-
cating the step of the machining.

[0032] In step S14, whether the input voltage is equal to or
more than the predetermined value is determined. When the
input voltage is less than the predetermined value, the
process returns to step S13, and the transmission/reception
processing is performed. In step S14, it is determined that
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the input voltage is equal to or more than the predetermined
value, the process proceeds to step S15.

[0033] In step S15, the motor drive device 10 transmits,
from the communication unit 17 of the controller 16 to the
machine state monitoring device 100, the same information
as the information that is transmitted and received in step
S13, and the time when the power is returned from the power
failure state. The machine state monitoring device 100
receives the information in the communication unit 120, and
the received information is stored in the storage unit 130.
The information is associated with each of the machine tools
1 to n so as to be individually stored.

[0034] As described above, in step S15, the information
that is transmitted and received in step S13 is transmitted
again to the machine state monitoring device 100 after the
power failure is completed, and the power of the machine
tool 1 is returned. In this case, the information is temporarily
recorded in the storage unit 18 when the information is
acquired, and after it is determined in step S14 that the
machine tool is restored, the communication unit 17 trans-
mits the information in the storage unit to the machine state
monitoring device 100.

[0035] In step S16, whether completion conditions are
satisfied is determined. When the power supply of the
machine tool 1 is turned off, it is determined that the
completion conditions are satisfied, and thus the monitoring
process is completed. On the other hand, when the power
supply of the machine tool 1 is not turned off, the process
returns to step S11, and the monitoring process is continued.
[0036] With reference to FIGS. 3 and 4, a machine state
monitoring device according to a second embodiment, and
the monitoring process thereof will be described. The second
embodiment differs from the first embodiment in that an
anti-power failure device 40 is provided in the motor drive
device 10 and that a protection operation is added in the
monitoring process. The same configurations and processing
as in the first embodiment are identified with the same
reference numerals.

[0037] FIG. 3 is a block diagram showing the entire
machine state monitoring device 100 according to the sec-
ond embodiment. In FIG. 3, the anti-power failure device 40
is connected to the motor drive device 10, and includes a
capacitor as an electric storage means that is not shown.
When the anti-power failure device 40 receives a signal
indicating the power failure state from a power failure
detection unit 15, the anti-power failure device 40 starts to
supply power to the motor drive device 10. When control
units 13 and 14 receive the signal indicating the power
failure state from the power failure detection unit 15, the
control units 13 and 14 utilize the power supplied from the
anti-power failure device 40 so as to perform the protection
operation. The protection operation refers to, for example,
drive control where a motor is stopped in order to prevent a
failure in which a tool is erroneously operated due to a rapid
change in voltage at the time of power failure and in which
thus the tool itself and a workpiece are damaged.

[0038] FIG. 4 is a flowchart showing the monitoring
process in the second embodiment. Processing in steps S11
to S13 are the same as in the first embodiment, and thus the
description thereof will be omitted.

[0039] In step S21, when the power failure detection unit
15 detects a power failure, the control units 13 and 14
perform the protection operation. The protection operation
includes, for example, the stop of the operation of the tool
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in the machine tool, and the retraction of the tool from the
workpiece. When the power failure detection unit 15 detects
the power failure, the power failure detection unit 15 trans-
mits the signal indicating the power failure state to the
control units 13 and 14, and the control units 13 and 14
control, through a converter 11 and an inverter 12, the motor
30 so as to stop the motor 30 or to move a drive axis in a
direction in which the tool is retracted from the workpiece.
[0040] In step S22, the power failure detection unit 15
acquires the input voltage, and in step S14, whether the
voltage is equal to or more than the predetermined value is
determined. When the voltage is less than the predetermined
value, since the machine tool 1 is still in the power failure
state, the process returns to step S13, and the transmission
and reception of the information, and the protection opera-
tion in step S21 are continued. In step S14, when it is
determined that the voltage is equal to or more than the
predetermined value, the machine tool 1 is determined to be
restored, and thus the process proceeds to step S15. In step
S15, as in the first embodiment, the information is trans-
mitted and received between the motor drive device 10 and
the machine state monitoring device 100.

[0041] In the second embodiment, in addition to the infor-
mation transmitted in the first embodiment, a signal that
indicates whether the protection operation is completed and
the amount of electricity stored in the capacitor provided in
the anti-power failure device are further transmitted to the
machine state monitoring device 100. In a period from the
time when the power failure is started until the time when
the power failure is completed, all pieces of or at least one
of pieces of information that are the speed of the motor 30,
the torque of the motor 30, and the output voltage of the
converter 11 while the protection operation for protecting
the machine tool 1 is being performed are further transmitted
to the machine state monitoring device 100.

[0042] When the processing in step S15 is completed, in
step S16, as in the first embodiment, the completion condi-
tions are determined, and the monitoring process is there-
after completed.

[0043] The machine state monitoring device 100 accord-
ing to the embodiments described above achieve the fol-
lowing effects. When the machine tool 1 is stopped after a
power failure occurs, the operator can individually and
collectively manage the state of machining that indicates, for
the machine tools 1 to n, which one of the machine tools 1
to n is stopped due to the power failure, when the machine
tool is stopped, and whether the protection operation after
the occurrence of the power failure is completed or up to
which step the machining proceeded at the time of the power
failure. In this way, the operator finds in which step the
machining in each of the machine tools is interrupted, and
thus the operator can grasp from which step the machining
is restarted when the power is returned.

[0044] The operator can also grasp the factory in which
the machine tool 1 is installed and the power condition in the
area from the history of the time when the power failure
occurs and the frequency at which the power failure occurs
that is recorded in the storage unit 130. Furthermore, based
on the history of the reception of the information resulting
from the transmission and reception of the information
performed twice, that is, after the power failure and after the
power return, it is possible to distinguish between the
machine tool 1 that is continuously operated after the power
failure until the power return and the machine tool n that is
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not continuously operated. In other words, even in a power
failure for a very short time, that is, a so-called instantaneous
power failure, it is possible to easily distinguish between the
machine tool 1 that can be continuously operated and the
machine tool n that cannot be continuously operated. More
specifically, the machine tool n in which the transmission
and reception are interrupted after the power failure is a
machine tool that is stopped before the power return so as
not to be able to be continuously operated, and the machine
tool 1 in which the transmission and reception are not
interrupted after the power failure until after the power
return is a machine tool that can be continuously operated.
As described above, it is possible to grasp which one of the
machine tools 1 to n is frequently stopped.

[0045] Furthermore, since the protection operation is per-
formed by the power based on the electric storage of the
capacitor in the anti-power failure device 40 after the power
failure in the machine tool 1, when the amount of electricity
stored in the capacitor is insufficient, it is likely that the
protection operation is not completed. Hence, by the moni-
toring of the speed of the motor 30, the torque of the motor
30, and the output voltage of the converter 11 while the
protection operation is being performed, it is possible to
determine whether the protection operation after the power
failure can be completed based on the amount of electricity
stored in the anti-power failure device 40. Here, the wave-
form of the voltage is also monitored, and thus a decrease in
the voltage after the power failure is predicted, whereby the
operating time after the power failure can be more accu-
rately determined. The amount of stored electricity and the
like are also monitored, and thus in order to extend the
operating time of the machine tool 1 after the power failure,
it is possible to take measures such as the increasing of the
capacity of the capacitor.

[0046] Although in the embodiments described above, the
power failure state is detected based on the input voltage, it
does not always need to be detected based on the voltage,
and it may be detected based on any value as long as the
value is an electrical signal that serves as a replacement
thereof. As an example of the replacement value of the input
voltage, a current value can be mentioned. When the pro-
tection operation after the power failure is not completed,
the machine state monitoring device 100 may notify a user
of the possibility that the workpiece or the tool is damaged.
A notification means may be a display on a monitor that is
not shown or a warning sound.

[0047] Although in the description of the embodiments
discussed above, the monitoring process program is
included in the machine state monitoring device 100, there
is no limitation to this configuration. In other words, a
configuration may be adopted in which part or the whole of
the data base is included in another device (such as a data
base server) that can communicate through a network and in
which the machine state monitoring device 100 accesses the
data base through the network as necessary.

[0048] Although in the embodiments described above, the
capacitor is used as the electric storage means, embodiments
are not limited thereto. As the electric storage means, for
example, a capacitor such as an electric double layer capaci-
tor or a lithium ion capacitor, a lithium ion battery, a battery
or the like can be used.

[0049] The whole or part of the functions of the machine
state monitoring device 100 of the embodiments described
above can be realized by hardware, software, or a combi-
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nation thereof. Here, the realization by software means that
a processor reads and executes programs so as to achieve the
realization. When part or the whole of the functions of the
machine state monitoring device 100 is formed with hard-
ware, it can be formed with an integrated circuit (IC) such
as an ASIC (Application Specific Integrated Circuit), a gate
array, an FPGA (Field Programmable Gate Array), or a
CPLD (Complex Programmable Logic Device).

[0050] When the whole or part of the functions of the
machine state monitoring device 100 is formed with soft-
ware, in a computer that is formed with a storage unit such
as a hard disk or a ROM that stores programs describing the
whole or part of the operations of the machine state moni-
toring device 100, a DRAM that stores data necessary for
computations, a CPU, and a bus that connects individual
units, information necessary for computations is stored in
the DRAM, and the programs are operated in the CPU,
whereby the whole or part of the functions of the machine
state monitoring device 100 can be realized.

[0051] These programs are stored with various types of
computer readable media, and can be supplied to a com-
puter. The computer readable media include various types of
tangible storage media. Examples of the computer readable
medium include magnetic recording media (for example, a
flexible disk, a magnetic tape, and a hard disk drive),
magneto-optical recording media (for example, a magneto-
optical disk), a CD-ROM (Read Only Memory), a CD-R, a
CD-R/W, a DVD-ROM (Digital Versatile Disk), a DVD-R,
a DVD-R/W, semiconductor memories (for example, a mask
ROM, a PROM (Programmable ROM), an EPROM (Eras-
able PROM), a flash memory, and a RAM (Random Access
Memory)). These programs may be downloaded through a
network into the computer of the user so as to be distributed.

EXPLANATION OF REFERENCE NUMERALS

[0052] 1 to n: machine tool, 10: motor drive device, 11:
converter, 12: inverter, 13: control unit, 14: control unit, 15:
power failure detection unit, 16: controller, 20: power sup-
ply, 30: motor, 40: anti-power failure device, 100: machine
state monitoring device, 110: control unit, 120: communi-
cation unit, 130: storage unit

What is claimed is:

1. A machine state monitoring device for a motor drive
device in a machine tool,

wherein the motor drive device includes: a motor; a

converter and an inverter that adjust a power supply
voltage so as to supply power to the motor; a detection
unit that acquires an input voltage of the motor drive
device so as to detect a power failure in the motor drive
device; and a transmission unit that transmits, based on
a result of the detection of the detection unit, a time
when the power failure is started, and a time when the
power failure is completed, and

the machine state monitoring device includes: a reception

unit that receives information of the time when the
power failure is started and the time when the power
failure is completed from the transmission unit of the
motor drive device provided in each of a plurality of the
machine tools; and a storage unit that stores the infor-
mation.

2. The machine state monitoring device according to
claim 1, wherein the transmission unit further transmits
information on whether a protection operation for protecting
the machine tool is completed during a period from the time
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when the power failure is started until the time when the
power failure is completed, and the storage unit further
stores the information.

3. The machine state monitoring device according to
claim 1, wherein the transmission unit further transmits, to
the machine state monitoring device, information of a state
of machining in the machine tool when the power failure is
detected, and the storage unit further stores the information.

4. The machine state monitoring device according to
claim 1, wherein the transmission unit further transmits, to
the machine state monitoring device, information of a wave-
form of the input voltage at the time when the power failure
is started, and the storage unit further records the informa-
tion.

5. The machine state monitoring device according to
claim 1, wherein when a protection operation for protecting
the machine tool is performed during a period from the time
when the power failure is started until the time when the
power failure is completed, the transmission unit further
transmits, to the machine state monitoring device, at least
one of pieces of information that are a speed of the motor,
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a torque of the motor, and an output voltage of the converter
during the protection operation, and the storage unit further
records the information.

6. The machine state monitoring device according to
claim 1, wherein after the power failure is completed and
then power of the machine tool is returned, the transmission
unit transmits again the information to the machine state
monitoring device.

7. The machine state monitoring device according to
claim 1, wherein the motor drive device further includes an
anti-power failure device that includes an electric storage
means, and

the transmission unit transmits information of an amount

of electricity stored in the electric storage means, and
the storage unit further stores the information.

8. The machine state monitoring device according to
claim 1, further comprising a control unit that controls the
machine tools,

wherein the control unit sets, for the detection unit in each

of the machine tools, a voltage for the detection of the
power failure by the detection unit.

#* #* #* #* #*



