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(54) POWER CONVERSION DEVICE

(57) In a general-purpose power conversion device,
there is a problem that, when a pulse signal period be-
comes longer, an edge interval becomes longer and a
period of updating a command frequency is extended. In
order to solve this problem, there is provided a power
conversion device having an AC converting unit that per-
forms power conversion and a calculating unit that con-
trols the AC converting unit, in which the calculating unit
includes a period converting unit that converts an input
signal into a period signal, a period calculating unit that

calculates an acquired frequency from the period signal,
and a control unit that outputs an output command ac-
cording to the acquired frequency, and in a case where
the period signal is not acquirable during a period longer
than the period of the period signal acquired from the
period converting unit at a preceding time, the period
calculating unit is configured to calculate a time period
during which the period signal is not acquirable, and to
output the time period as the acquired frequency.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a power conversion device.

BACKGROUND ART

[0002] As a background technology in this technical field, there is disclosed JP 2011-101445 A (Patent Document 1).
Patent Document 1 discloses that "The number of revolutions and a phase are detected from a voltage detected from
a line voltage detection circuit, and a phase lag due to control in a controller and a phase lag due to the circuit are
corrected and restarting is performed. Furthermore, attention is paid to a difference between an induced voltage estimated
from the detected number of revolutions and an actually detected induced voltage, and in a case where a difference of
a certain value or more occurs in the difference, there is provided means for determining that a detected frequency is
erroneously detected or stopped, and changing the restarting."

CITATION LIST

PATENT DOCUMENT

[0003] Patent Document 1: JP 2011-101445 A

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] Patent Document 1 discloses that, since an output of the voltage detection circuit is input to an AD converter
possessed by an MCU, and a voltage pulse output of a pulse conversion circuit is input to an input port possessed by
the MCU, the MCU recognizes the number of revolutions of the induced voltage, and the phase and magnitude thereof,
and the MCU calculates an output frequency and an output voltage based on the current number of revolutions and
voltage phase of a synchronous motor detected from the voltage detection circuit and the pulse conversion circuit.
[0005] In some cases, by using a method as illustrated in Patent Document 1, for example, a general-purpose power
conversion device acquires a frequency from an AC current, an AC voltage, or a pulse train output which is output by
an externally connected system separate from the power conversion device, or from a feedback signal and the like of
a motor driven by a different power conversion device, and uses the frequency as a command frequency for driving the
motor. In that case, the general-purpose power conversion device has a problem that, for example, in a case where the
signal indicated above has 0.1 Hz in a period and is input, the signal is not updatable for 10s and a period of updating
the frequency is extended. Also, for example, in a case where, when two power conversion devices control the motor,
a rotation signal of the motor driven by one power conversion device serving as a master is used for controlling an output
frequency of the other power conversion device serving as a slave, there is a problem that it is difficult to achieve
synchronization because a pulse will not arrive for 10s or more even though an output is cut off when the master operates
at 0.09 Hz or less.

SOLUTIONS TO PROBLEMS

[0006] In order to solve this problem, the present invention is, for example, a power conversion device having an AC
converting unit that performs power conversion and a calculating unit that controls the AC converting unit, in which the
calculating unit includes a period converting unit that converts an input signal into a period signal, a period calculating
unit that calculates an acquired frequency from the period signal, and a control unit that outputs an output command
according to the acquired frequency, and in a case where the period signal is not acquirable during a period longer than
the period of the period signal acquired from the period converting unit at a preceding time, the period calculating unit
is configured to calculate a time period during which the period signal is not acquirable, and to output the time period
as the acquired frequency.

EFFECTS OF THE INVENTION

[0007] According to the present invention, it is possible to provide a power conversion device capable of capturing
update information at a timing earlier than a timing of the period determination even though a captured period becomes
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long.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Fig. 1 is an example of a configuration diagram of a power conversion device in Embodiment 1.
Fig. 2 is a flowchart illustrating procedures of calculation performed by a period calculating unit in Embodiment 1.
Fig. 3 is a diagram illustrating a relationship between a period input and an acquired frequency determined by the
period calculating unit in Embodiment 1.
Fig. 4 is a diagram for describing the processing of predicting an acquired frequency before acquiring pulse edges
thereof, in the case of a period input of a low frequency in Embodiment 1.
Fig. 5 is an example of a configuration diagram of a power conversion device in Embodiment 2.
Fig. 6 is a diagram illustrating a relationship between an acquired frequency and a command range in Embodiment 2.

MODE FOR CARRYING OUT THE INVENTION

[0009] Hereinafter, embodiments will be described with reference to the drawings.

Embodiment 1

[0010] In the present embodiment, an example of operation in which an external apparatus outputs a pulse train output,
and a power conversion device connected to the external apparatus captures the pulse train output as the command
frequency and performs output operation on a motor will be described.
[0011] Fig. 1 is an example of a configuration diagram of an AC motor 105 and a power conversion device 100
connected to an external apparatus 120 in the present embodiment.
[0012] The power conversion device 100 in the present embodiment is configured with a calculating unit 110, an AC
converting unit 104, a smoothing capacitor 103, and a DC converting unit 102 connected to a three-phase AC power
supply 101. The calculating unit 110 includes a period converting unit 111, a period calculating unit 112, a frequency
acquiring unit 113, and a control unit 114.
[0013] The three-phase AC power supply 101 is, for example, a three-phase AC voltage supplied from a power
company or an AC voltage supplied from a generator, and outputs the AC voltage to the DC converting unit 102.
[0014] The DC converting unit 102 is configured with, for example, a DC conversion circuit configured with a diode,
or a DC conversion circuit using an IGBT and a flywheel diode, converts the AC voltage input from the three-phase AC
power supply 101 into a DC voltage, and outputs the DC voltage to the smoothing capacitor 103. Fig. 1 illustrates a DC
converting unit configured with a diode as one example.
[0015] The smoothing capacitor 103 smoothes the DC voltage input from the DC converting unit 102 and outputs the
smoothed DC voltage to the AC converting unit 104. For example, in a case where the output of the generator is a DC
voltage, the DC voltage directly from the generator may be input to the smoothing capacitor 103, without passing through
the DC converting unit 102.
[0016] The AC converting unit 104 is configured with, for example, an AC conversion circuit using an IGBT and a
flywheel diode, uses the DC voltage of the smoothing capacitor 103 and an output command of the control unit 114 as
an input, converts the DC voltage into an AC voltage, and supplies the converted AC voltage of a desired frequency to
the AC motor 105. Also, in the case of being configured with an AC conversion circuit that performs AC-AC conversion
without passing through the smoothing capacitor 103, the AC converting unit 104 may convert an AC voltage into another
AC voltage and may output the other AC voltage to the AC motor 105.
[0017] The period converting unit 111 uses the pulse train output, an AC current, or an AC voltage, which is output
by an external apparatus 120, as an input, converts an input signal into a period signal, and outputs the period signal
to the period calculating unit 112.
[0018] The period calculating unit 112 calculates a frequency from the period signal converted by the period converting
unit 111 and outputs the frequency to the frequency acquiring unit 113. In a case where the period signal is not changed
during a longer time than a period of the signal at a preceding time, the period calculating unit 112 determines that a
period of the period signal has been extended, and calculates the frequency.
[0019] The frequency acquiring unit 113 uses the frequency output from the period calculating unit 112 as an input,
and acquires the frequency as a command value, and then outputs the frequency to the control unit 114 as an acquired
frequency.
[0020] The control unit 114 issues a PWM output command to the AC converting unit 104, according to an output
command calculated from a command issued to drive the AC motor 105.
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[0021] The external apparatus 120 is for periodically issuing a command to the power conversion device 100 by, for
example, a PLC, an encoder for capturing the operation of an external system, a pulse train output apparatus, an AC
voltage source, and the like, and performs input operation on the period converting unit 111.
[0022] Fig. 2 is a flowchart illustrating procedures of determination in the calculation performed by the period calculating
unit 112. Also, Fig. 3 is an example of the outputs of a period input and an acquired frequency calculated by the period
calculating unit 112.
[0023] In Fig. 2, the period calculating unit 112 holds or acquires a frequency calculated at a preceding time (S201).
Then, the period calculating unit 112 determines whether a periodic interval is longer than that at the preceding time
(S202). In a case where a period acquired at the present time is shorter than a period acquired at the preceding time,
the period calculating unit 112 calculates a frequency as an acquired frequency at a stage where the period has been
determined (S213). That is, the acquired frequency is calculated for each of a rising edge or a falling edge of a pulse,
and for example, an acquired period is determined when a period input is changed at a time point (B) after the period
is determined at a time point (A) in Fig. 3.
[0024] Specifically, a period from the rising of a pulse to the falling of the pulse, or from the falling of a pulse to the
rising of the pulse is set to one period Tedge, and in a case where a pulse train input having a period T exists, the period
calculating unit 112 calculates a frequency f using the following equation (1).

[0025] The period T may be defined as a period from the rising of a pulse train to the next rising of the pulse train, or
may be designated as a period from the zero cross of the AC voltage to the next zero cross thereof, or from the peak
of the AC voltage to the next peak thereof. In this case, the frequency f is calculated by the following equation (2).

[0026] In a case where a period acquired at the present time is longer than a period acquired at the preceding time,
the period calculating unit 112 does not wait in the period at the preceding time until the next period is updated, and
performs predicted frequency calculation for updating a predicted frequency (S203) . That is, after the period has been
determined at a time point (C) in Fig. 3, and in a case where the period input is not changed after a time point (D) at
which the rising is expected to arrive in the same period, a time period during which the period input is not changed is
measured, and at least, an acquired period is determined based on a time point at which a period is predicted to be
longer than a period at the measured time point where the period input is not changed. For example, at a time point (E),
when a period from the rising of a pulse at the preceding time to the falling of the pulse is set to Tpre and Tover has
elapsed after the elapse of Tpre, the period calculating unit 112 calculates the frequency f by the following equation (3)
and predicts a pulse train input command of a low frequency before acquiring pulse edges.

[0027] Fig. 4 is a diagram for describing the processing of predicting the acquired frequency before acquiring the pulse
edges thereof, in the case of a pulse train input of a low frequency in the present embodiment. Fig. 4(A) is an example
of a period input and an acquired frequency in a case where the acquired frequency is calculated for each of a rising
edge or falling edge of a pulse, and in the case of a pulse train of a low frequency, a time period in which an edge of the
pulse train arrives is longer, so that a timing of updating the acquired frequency also becomes late. On the contrary, Fig.
4(B) is an example of a period input and an acquired frequency in the case of performing prediction processing before
acquiring the pulse edges, in which, in a case where a period acquired at the present time is longer than a period acquired
at the preceding time, that is, in a case where the next edge does not arrive at a timing when the edge is expected to
arrive, it is determined that a speed of the pulse train is low, and at that time, the predicted frequency is calculated to
update the acquired frequency. In other words, in a case where the current period input is longer than the next previous
period input, the acquired frequency is updated such that the acquired frequency decreases before an edge of the current
period input arrives. Therefore, it is possible to make the timing of updating the acquired frequency early. That is, it is
possible to make the timing of updating update information early.
[0028] Also, as illustrated in a timing (F) in Fig. 3, when an external command becomes zero, there is no period input.
Therefore, in a case where the predicted, calculated, and acquired frequency falls below a frequency previously set as
the minimum command value, it is possible to cut off an output in the same manner as a state in which there is no period
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input.
[0029] Then, in Fig. 2, the period calculating unit 112 outputs a calculation result as a final acquired frequency (S204).
[0030] As described above, when a normal pulse is recognized as the command frequency, an interval between time
points at which the pulse edges arrive becomes longer as the frequency of the pulse becomes lower. Once a pulse
interval becomes longer, a time period up to recognition becomes longer and the responsiveness decreases, and once
the command is held, reaction is slow enough to issue a command of a low speed. Therefore, in a case where, when a
width of the pulse becomes longer, no pulse arrives during an interval longer than an expected interval in which the
same pulse is expected to arrive, a command is predicted to be a command of a low speed. In this way, in a case where
the pulse period suddenly becomes longer, it is possible to make the reaction of the pulse acquisition rapid. That is, it
is possible to detect a decrease in the command frequency before the period signal arrives.
[0031] As described above, the present embodiment is a power conversion device having an AC converting unit that
performs power conversion and a calculating unit that controls the AC converting unit, in which the calculating unit
includes a period converting unit that converts an input signal into a period signal, a period calculating unit that calculates
an acquired frequency from the period signal, and a control unit that outputs an output command according to the
acquired frequency, and in a case where the period signal is not acquirable during a period longer than the period of
the period signal acquired from the period converting unit at a preceding time, the period calculating unit is configured
to calculate a time period during which the period signal is not acquirable, and to output the time period as the acquired
frequency.
[0032] Also, in the power conversion device having an AC converting unit that performs power conversion and a
calculating unit that controls the AC converting unit, the calculating unit includes a period converting unit that converts
an input signal into a period signal, a period calculating unit that calculates an acquired frequency from the period signal,
and a control unit that outputs a PWM output command according to the acquired frequency, and in a case where a
periodic interval of the period signal acquired from the period converting unit is longer than a periodic interval at the
preceding time, the period calculating unit is configured to calculate an acquired frequency by using an acquired period
based on a time point at which a periodic interval is longer than the periodic interval at the preceding time and the period
input is not changed, and to output the acquired frequency.
[0033] In the power conversion device having an AC converting unit that performs power conversion and a calculating
unit that outputs a command to control the AC converting unit, the command is configured such that, when a command
frequency is generated from the period input and a command operation of decreasing the command frequency is per-
formed, the command frequency decreases before an edge of the period input arrives.
[0034] In this way, it is possible to provide a power conversion device capable of capturing update information at a
timing earlier than a timing of the period determination even though a captured period becomes long.

Embodiment 2

[0035] In the present embodiment, an example of operation in which a power conversion device provided with a current
detector captures an output frequency for self-diagnosis and cuts off an output of the motor will be described.
[0036] Fig. 5 is an example of a configuration diagram of the power conversion device 100 and the AC motor 105 in
the present embodiment. In Fig. 5, components having the same functions as those of Fig. 1 are denoted by the same
reference numerals, and the descriptions thereof will not be repeated. In Fig. 5, a current detector 401 is configured with
a hole CT or a shunt resistor, and detects a current flowing through the AC converting unit. The current detector 401
may be disposed in any portion of the power conversion device as long as it detects the current of the AC converting
unit 104. The current detector 401 acquires at least a current of one phase and outputs the current to a current detecting
unit 402.
[0037] By using the output of the current detector 401 as an input, for example, the current detecting unit 402 pulse-
converts the input based on the zero cross of the AC current as a reference and outputs a pulse to the period converting
unit 111.
[0038] An external apparatus 420 is for periodically issuing a command to the power conversion device 100, and a
signal of the external apparatus is input to a command output unit 415. The command output unit 415 converts the input
signal from the external apparatus 420 into an output command frequency and inputs the output command frequency
to the control unit 114.
[0039] Fig. 6 illustrates a scene in which the PWM output is cut off in a case where the period converting unit 111
acquires a frequency by using the period of the AC current as an input, similarly to Embodiment 1 and in a case where
an acquired frequency detected in response to a command output by the control unit 114 is abnormal. In Fig. 6, in a
case where the predicted frequency calculation in Embodiment 1 is not performed, the acquired frequency is indicated
by a broken line and in a case where the predicted frequency calculation is performed, the acquired frequency is indicated
by a solid line. As illustrated in Fig. 6, in a case where the control unit 114 performs a command operation of decreasing
the frequency in advance, and in a case where the detected acquired frequency (the solid line) deviates from a command
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range indicated by hatching (at a time point (G) indicated by a circle), the PWM output is cut off. This is effective in terms
of functional safety in a case where stopping is performed after a speed is reduced to a certain extent, that is, a speed
is reduced to a frequency originally intended to be decreased and stopping is possible. In a case where the predicted
frequency calculation is not performed, the detected acquired frequency (the broken line) immediately deviates from the
command range due to the delay in updating (a portion (H) indicated by a circle). However, in a case where the predicted
frequency calculation is performed according to the present embodiment, it is possible to update the acquired frequency
quickly (the solid line) so that the command range is narrowed and self-diagnosis is performed with high accuracy.
[0040] Incidentally, the present invention is not limited to the embodiments described above, but includes various
modified examples. For example, the embodiments described above have been described in detail in order to explain
the present invention in an easy-to-understand manner, and are not necessarily limited to those having all the configu-
rations described. Also, a part of the configuration of one embodiment can be replaced by the configuration of another
embodiment, and the configuration of another embodiment can be added to the configuration of one embodiment. Also,
it is possible to add, delete and replace other configurations with respect to the part of the configuration of each embod-
iment.
[0041] Also, a part or all of each of the above-described configurations, functions, processing units, processing means,
and the like may be implemented through hardware by designing them, for example, on an integrated circuit. Also, each
of the above-described configurations, functions, and the like may be implemented through software by interpreting and
executing programs for implementing respective functions by means of a processor. Information such as programs,
tables, or files for implementing respective functions can be stored in a memory, a recording apparatus such as a hard
disk and a Solid State Drive (SSD), or a recording medium such as an IC card, an SD card, and a DVD.
[0042] Also, there are illustrated only control lines and information lines which are deemed to be necessary for de-
scription, and it is not necessarily a case where all the control lines and information lines of products are illustrated. In
reality, it may be considered that almost all configurations are mutually connected.

REFERENCE SIGNS LIST

[0043]

100 Power conversion device
101 Three-phase AC power supply
102 DC converting unit
103 Smoothing capacitor
104 AC converting unit
105 AC motor
110 Calculating unit
111 Period converting unit
112 Period calculating unit
113 Frequency acquiring unit
114 Control unit
120, 420 External apparatus
401 Current detector
402 Current detecting unit
415 Command output unit

Claims

1. A power conversion device comprising:

an AC converting unit that performs power conversion; and
a calculating unit that controls the AC converting unit,
wherein the calculating unit includes

a period converting unit that converts an input signal into a period signal,
a period calculating unit that calculates an acquired frequency from the period signal, and
a control unit that outputs an output command according to the acquired frequency, and

in a case where the period signal is not acquirable during a period longer than a period of the period signal
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acquired from the period converting unit at a preceding time, the period calculating unit calculates a time period
during which the period signal is not acquirable, and outputs the time period as the acquired frequency.

2. The power conversion device according to claim 1,
wherein the input signal is a pulse input or an AC signal.

3. The power conversion device according to claim 1, further comprising:

a current detector that detects a current flowing through the AC converting unit;
a current detecting unit that pulse-converts and detects a current acquired by the current detector and inputs
a pulse to the period converting unit; and
a command output unit that converts the input signal into an output command frequency and inputs the output
command frequency to the control unit,
wherein the control unit cuts off an output in a case where the acquired frequency deviates from the range of
the output command.

4. The power conversion device according to claim 1,
wherein the control unit cuts off an output in a case where the acquired frequency falls below a predetermined value.

5. A power conversion device comprising:

an AC converting unit that performs power conversion; and
a calculating unit that controls the AC converting unit,
wherein the calculating unit includes

a period converting unit that converts an input signal into a period signal,
a period calculating unit that calculates an acquired frequency from the period signal, and
a control unit that outputs a PWM output command according to the acquired frequency, and

in a case where a periodic interval of the period signal acquired from the period converting unit is longer than
a periodic interval at the preceding time, the period calculating unit calculates an acquired frequency by using
an acquired period based on a time point at which a periodic interval is longer than the periodic interval at the
preceding time and the period input is not changed, and outputs the acquired frequency.

6. A power conversion device comprising:

an AC converting unit that performs power conversion; and
a calculating unit that outputs a command to control the AC converting unit,
wherein the command is configured such that, when a command frequency is generated from the period input
and the current period input is longer than the next previous period input, the command frequency decreases
before an edge of the current period input arrives.
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