
DESCRIPTION 

Title of Invention: ACTIVE FILTER SYSTEM AND AIR CONDITIONING DEVICE 

Technical Field 

[0001] 

The present invention relates to an active filter system and an air conditioning 

device. 

Background Art 

[0002] 

In factories, buildings, and so on, a large number of large power conversion devices 

(for example, large inverter devices) are installed as power sources for, for example, 

electric motors. Such large power conversion devices generate a harmonic current, and 

therefore, in order to lessen the adverse effect of the harmonic current on the electric 

power system, active filter devices may be installed in the buildings and so on (see, for 

example, PTL 1). In the example described in this patent literature, a plurality of active 

filter devices provide, to the electric power system, a harmonic current having a phase 

opposite to that of the load current, thereby reducing the harmonic current in the electric 

power system. 

Citation List 

Patent Literature 

[0003] 

PTL 1: Japanese Unexamined Patent Application Publication No. 7-135736 

Summary of Invention 

Technical Problem 

[0004] 

However, in a case where, for example, the plurality of active filter devices are 
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equally responsible for output, it is difficult to efficiently operate the active filter devices. 

This is because a power conversion switching element used in an active filter device is 

generally designed to operate with the highest efficiency in a case where the maximum 

allowable current is provided, and therefore, in the case where the plurality of active filter 

devices are only equally responsible for output, the possibility of each active filter device 

operating at a low-efficiency operation point increases. 

[0005] 

The present invention has been made in view of the above-described problem, and 

an object thereof is to increase the efficiency of an active filter system including a 

plurality of active filter devices at a low cost. 

Solution to Problem 

[0006] 

To solve the above-described problem, a first aspect is an active filter system 

including 

a plurality of active filter devices (41, 42, 43) that each have an output connected to 

a harmonic-generating load device (2) and are capable of generating a compensating 

current for performing at least one of reduction of a harmonic current of the harmonic-

generating load device (2) and improvement of a power factor of a fundamental wave, in 

which 

the plurality of active filter devices (41, 42, 43) provide two or more types of 

capacities, and 

the number and a combination of operating active filter devices among the active 

filter devices (41, 42, 43) change in accordance with a magnitude of the compensating 

current. 

[0007] 
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With this configuration, the total capacity of the operating active filter devices is 

changed in accordance with the magnitude of the compensating current while a 

combination of different capacities is provided. 

[0008] 

A second aspect is the active filter system according to the first aspect in which 

the number and the combination of the operating active filter devices among the 

active filter devices (41, 42, 43) change so as to maximize a ratio of the compensating 

current relative to a total capacity of the operating active filter devices among the active 

filter devices (41, 42, 43). 

[0009] 

With this configuration, active filter devices providing a minimum necessary total 

capacity are operated among the active filter devices (41, 42, 43) providing two or more 

types of capacities to generate the compensating current. 

[0010] 

A third aspect is the active filter system according to the second aspect in which 

an active filter device having a large capacity among the active filter devices (41, 

42, 43) is preferentially operated. 

[0011] 

With this configuration, from among the combinations of active filter devices 

providing the minimum necessary total capacity, a combination of the smallest number of 

operating active filter devices is selected. 

[0012] 

A fourth aspect is the active filter system according to the second or third aspect in 

which 

when the compensating current exceeds or falls below a value of the compensating 
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current corresponding to a total capacity of any combination among all combinations for 

selecting one or more active filter devices from among the plurality of active filter devices 

(41, 42, 43), the combination of the operating active filter devices among the active filter 

devices (41, 42, 43) changes. 

[0013] 

With this configuration, the timing at which the combination of active filter devices 

is changed is determined on the basis of the magnitude of the compensating current. 

[0014] 

A fifth aspect is the active filter system according to any of the second to fourth 

aspects in which 

instead of capacities of the respective active filter devices (41, 42, 43), an output at 

which the active filter devices (41, 42, 43) reach a maximum efficiency is used. 

[0015] 

With this configuration, a combination with which the efficiency of the active filter 

devices is high is selected. 

[0016] 

A sixth aspect is the active filter system according to any of the first to fifth aspects 

in which 

the harmonic-generating load device (2) is a power conversion device. 

[0017] 

A seventh aspect is an air conditioning device including the active filter system 

according to any of the first to sixth aspects. 

Advantageous Effects of Invention 

[0018] 

According to the first aspect, the active filter devices providing two or more types 
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of capacities are used. Accordingly, it is possible to realize an active filter system for 

which the capacity is changeable with a comparable scale and with a smaller number of 

active filter devices than in a case of using active filter devices having the same capacity. 

[0019] 

According to the second aspect, active filter devices that provide the minimum 

necessary total capacity are operated. Accordingly, it is possible to operate the active 

filter system in a more efficient state than in a case where all of the active filter devices are 

equally responsible for the compensating current. 

[0020] 

According to the third aspect, the number of operating active filter devices is 

minimized. Accordingly, it is possible to reduce a loss that continuously occurs 

regardless of the magnitude of output and to operate the active filter system in a more 

efficient state. 

[0021] 

According to the fourth aspect, it is possible to easily set the timing at which the 

combination of operating active filter devices is changed. 

[0022] 

According to the fifth aspect, the incidence of a period during which the active 

filter devices are used with an efficiency close to the maximum efficiency increases. 

Accordingly, it is possible to operate the active filter system in a more efficient state. 

[0023] 

According to the sixth aspect, it is possible to achieve the above-described effects 

in the active filter system that is connected to the power conversion device. 

[0024] 

According to the seventh aspect, it is possible to achieve the above-described 
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effects in the air conditioning device including the active filter system. 

Brief Description of Drawings 

[0025] 

[Fig. 1] Fig. 1 illustrates example capacities of active filters in a first embodiment. 

[Fig. 2] Fig. 2 illustrates example capacities of an active filter system in a case of a 

plurality of active filter devices having the same capacity. 

[Fig. 3] Fig. 3 is a block diagram illustrating an air conditioning device according 

to a second embodiment. 

[Fig. 4] Fig. 4 is a block diagram illustrating an example configuration of a first 

controller according to the second embodiment. 

[Fig. 5] Fig. 5 is a block diagram illustrating an example configuration of a second 

controller according to the second embodiment. 

[Fig. 6] Fig. 6 is a block diagram illustrating an example configuration of a third 

controller according to the second embodiment. 

[Fig. 7] Fig. 7 illustrates example combinations of active filter devices in the 

second embodiment. 

[Fig. 8] Fig. 8 illustrates example combinations of active filter devices in a third 

embodiment. 

[Fig. 9] Fig. 9 illustrates example capacities of an active filter system in a fifth 

embodiment. 

[Fig. 10] Fig. 10 illustrates example combinations of active filter devices in the 

fifth embodiment. 

[Fig. 11] Fig. 11 is a block diagram illustrating an air conditioning device 

according to a first modification of the second embodiment. 

[Fig. 12] Fig. 12 is a block diagram illustrating an example configuration of a first 
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controller according to the first modification of the second embodiment. 

[Fig. 13] Fig. 13 illustrates a modification of combinations of active filter devices. 

Description of Embodiments 

[0026] 

Hereinafter, embodiments of the present invention will be described with reference 

to the drawings. Note that the following embodiments are essentially preferred 

embodiments and are not intended to limit the scope of the present invention, things to 

which the present invention is applicable, or the field of application of the present 

invention. 

[0027] 

<<First Embodiment of the Present Invention>> 

Fig. 1 illustrates example combinations of active filters in a first embodiment of the 

present invention. In this example, three active filter devices AF1, AF2, and AF3 are 

present. Regarding the capacities of the respective active filter devices, the capacity of 

AF1 and the capacity of AF3 are equal to each other, and the capacity of AF2 is equal to 

the sum of the capacity of AF1 and the capacity of AF3. When one or more active filter 

devices are selected from among the three active filter devices and combined to realize an 

active filter system, the active filter system can provide four types of capacities in total. 

[0028] 

On the other hand, Fig. 2 illustrates combinations of active filter devices having the 

same capacity. To realize the active filter system that provides four types of capacities as 

illustrated in Fig. 1, four active filter devices (AF1, AF2, AF3, and AF4) having a capacity 

the same as that of AF1 and AF3 in Fig. 1 are necessary. 

[0029] 

<Effects of this Embodiment> 
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When active filter devices that provide two types of capacities are used, it is 

possible to realize an active filter system for which the capacity is changeable with a 

comparable scale and with a smaller number of active filter devices than in a case of using 

active filter devices having the same capacity for a harmonic-generating load device 

having a wide range of power capacity. For example, in a case where the cost of one 

active filter device is lower than the cost of two active filter devices having the same 

capacity and the capacity of the one active filter device is twice the capacity of each of the 

two active filter devices, it is possible to reduce the total cost of the active filter system. 

[0030] 

<<Second Embodiment of the Present Invention>> 

Fig. 3 is a block diagram illustrating an air conditioning device (5) according to a 

second embodiment of the present invention. The air conditioning device (5) is installed 

in an apartment, a factory, a building, a detached house, or the like (hereinafter referred to 

as a building or the like) and performs indoor air conditioning (cooling and heating). To 

a building or the like in which the air conditioning device (5) is installed, power is 

supplied from an electric power system that includes an AC power source (1). In this 

example, the AC power source (1) is a three-phase AC power source (for example, a three-

phase commercial power source). 

[0031] 

<Air Conditioning Device (5)> 

The air conditioning device (5) includes a refrigerant circuit (not illustrated) having 

a compressor, a power conversion device (2), and an active filter system (4). The power 

conversion device (2) is connected to the AC power source (1) and is supplied with AC 

power. The power conversion device (2) has a converter circuit and an inverter circuit 

(which are not illustrated). The AC power supplied to the power conversion device (2) is 
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converted to AC power having a desired frequency and a desired voltage by the inverter 

circuit and so on in the power conversion device (2) and supplied to the compressor (more 

specifically, to an electric motor included in the compressor). Accordingly, the 

compressor operates, the refrigerant circuit works, and as a consequence, indoor air 

conditioning is performed. 

[0032] 

When the power conversion device (2) and the electric motor of the compressor 

operate in the air conditioning device (5), a harmonic current may be generated. For 

example, in the inverter circuit included in the power conversion device (2), a switching 

operation is performed by a switching element. At this time, a harmonic current is 

generated. That is, the power conversion device (2) is an example of the harmonic-

generating load device of the present invention. This harmonic current may flow out to 

the AC power source (1) via a power receiving path through which power is supplied from 

the AC power source (1) to the air conditioning device (5). In general, the level of 

outflow of such a harmonic current to the AC power source (1) is regulated, and the air 

conditioning device (5) reduces the flowing-out harmonic current with the active filter 

system (4). From the viewpoints of facility capacity and energy conservation, there is a 

demand for improving the power factor of the fundamental wave at a power distribution 

end and a power receiving end. For this, the active filter system (4) of this embodiment 

also has a function of improving the power factor of the fundamental wave. The 

configuration of the active filter system (4) is described below. 

[0033] 

<Active Filter System (4)> 

The active filter system (4) includes a first active filter device (41), a second active 

filter device (42), and a third active filter device (43) and is built in the air conditioning 
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device (5). The first to third active filter devices (41, 42, 43) are housed in a common 

casing. The active filter devices (41, 42, 43) have a function of outputting a current for 

canceling a harmonic current generated by the power conversion device (2) and appearing 

on the power receiving path. That is, the active filter devices (41, 42, 43) provide a 

current (hereinafter called a compensating current) so that the current on the power 

receiving path that connects the AC power source (1) and the power conversion device (2) 

comes closer to a sine wave. More specifically, the active filter devices (41, 42, 43) 

detect a harmonic current appearing on the power receiving path that connects the AC 

power source (1) and the air conditioning device (5) and generate and supply to the power 

receiving path of the air conditioning device (5) a compensating current having a phase 

opposite to that of the detected harmonic current. 

[0034] 

It is considered that the harmonic current generated in the air conditioning device 

(5) becomes largest in a case where the load on the air conditioning device (5) is largest 

(for example, at the time of maximum output in a heating operation). Accordingly, the 

capacities (the magnitudes of power that can be output) of the active filter devices (41, 42, 

43) are set by taking into consideration the harmonic current appearing at the time of the 

maximum load on the air conditioning device (5). 

[0035] 

In the air conditioning device (5) of this embodiment, the active filter devices (41, 

42, 43) provide two types of capacities. Two active filter devices among the three active 

filter devices (41, 42, 43) are designed to have a capacity so as to be usable for the 

medium load of air conditioning, and the remaining one active filter device is designed to 

have a capacity so as to be usable for a load twice the medium load. This embodiment 

assumes that the rated load is three times the medium load and that the difference between 



the maximum load and the rated load is equal to or smaller than the medium load. 

Accordingly, in a case where all of the active filter devices (41, 42, 43) are controlled in a 

maximum output state, it is possible to cancel a harmonic current at the time of the 

maximum load on the air conditioning device (5). Further, the active filter devices (41, 

42, 43) have the function of improving the power factor of the fundamental wave. 

Specifically, the active filter devices (41, 42, 43) are configured so as to provide a 

compensating current that also compensates for a reactive component of the fundamental 

wave, thereby improving the power factor of the fundamental wave. 

[0036] 

To realize the above-described functions of the active filter devices (41, 42, 43), the 

first active filter device (41) includes a first current source (411), a first controller (412), a 

voltage detector (414), and two current detectors (413a, 413b), as illustrated in Fig. 3. 

The second active filter device (42) includes a second current source (421), a second 

controller (422), a voltage detector (424), and two current detectors (423a, 423b). The 

third active filter device (43) includes a third current source (431), a third controller (432), 

a voltage detector (434), and two current detectors (433a, 433b). 

[0037] 

The voltage detectors (414, 424, 434) each detect the voltage (source voltage (Vrs)) 

of the AC power source (1). The two current detectors (413a, 413b) respectively detect 

currents (Irl a, Itl a) input to the first active filter device (41). The two current detectors 

(423a, 423b) respectively detect currents (Ir2a, It2a) input to the second active filter 

device (42). The two current detectors (433a, 433b) respectively detect currents (Ir3a, 

It3a) input to the third active filter device (43). Fig. 3 illustrates the example where the 

active filter devices (41, 42, 43) are provided with the current detectors (413a, 413b, 423a, 

423b, 433a, 433b) for two phases; however, a configuration in which current detectors are 
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placed for three respective phases to detect currents in the three phases may be employed. 

[0038] 

The air conditioning device (5) is also provided with current detectors (3a, 3b). 

Specifically, the current detectors (3a, 3b) are provided on the power receiving path that 

connects the power conversion device (2), which is the harmonic-generating load device, 

and the AC power source (1) and detect the values of currents (hereinafter referred to as 

load currents (Irf, Itf)) flowing into the power conversion device (2). The configuration 

of the current detectors (3a, 3b) are not limited and, for example, a current transformer 

may be employed. The values detected by the current detectors (3a, 3b) are transmitted 

to all of the first controller (412), the second controller (422), and the third controller 

(432). The current detectors (3a, 3b) may be configured to transmit the detected values 

to the controllers (412, 422, 432) with a wired method or may be configured to transmit 

the detected values with a wireless method. 

[0039] 

In a case where the current detectors (3a, 3b) are configured to transmit the 

detected values to the controllers (412, 422, 432) with a wireless method, wiring work can 

be reduced. A phenomenon in which magnetic flux that crosses the current detectors (3a, 

3b) changes relative to the time due to the currents flowing through the current detectors is 

called electromagnetic induction. In the case of employing a wireless method, induced 

electromotive force that is electromotive force generated by the electromagnetic induction 

may be used as a power source for driving the current detectors. As a consequence, it is 

possible to configure the current detectors (3a, 3b) without wires and without a power 

source, which produces an effect, that is, time and effort for work can be reduced. 

[0040] 

- Current Sources (411, 421, 431) - 
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The first to third current sources (411, 421, 431) are each specifically formed of an 

inverter circuit. The first to third current sources (411, 421, 431) generate a current 

(namely, a compensating current) for reducing the harmonic current and improving the 

power factor of the fundamental wave. To control generation of the compensating 

current by the first current source (411), a switching command value (G) described below 

is input to the first current source (411) from the first controller (412). Similarly, the 

switching command value (G) is input to the second current source (421) from the second 

controller (422). Further, the switching command value (G) is input to the third current 

source (431) from the third controller (432). In each of the current sources (411, 421, 

431), a switching element of the inverter circuit performs a switching operation in 

accordance with the switching command value (G) to generate the compensating current. 

The output terminal of each of the current sources (411, 421, 431) is connected to the 

power receiving path of the power conversion device (2), and the generated compensating 

current is output to the power receiving path. 

[0041] 

- First Controller (412) - 

Fig. 4 is a block diagram illustrating an example configuration of the first 

controller (412). The first controller (412) controls the output current from the first 

current source (411). In this example, the first controller (412) includes a gate pulse 

generator (4121), a current command calculation unit (4122), a first current calculation 

unit (4123), a second current calculation unit (4124), a phase detection unit (4125), and an 

operation determination unit (4126). The first controller (412) can be formed by using, 

for example, a microcomputer and a memory device that stores a program for operating 

the microcomputer. 

[0042] 
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The phase detection unit (4125) detects the phase of the source voltage (Vrs) on the 

power receiving path. The phase detection unit (4125) transmits the obtained source 

phase to the first current calculation unit (4123) and the second current calculation unit 

(4124). 

[0043] 

To the first current calculation unit (4123), the load currents (Irf, Itf) detected by 

the current detectors (3a, 3b) are input. On the basis of the load currents (Irf, Itf) and the 

source phase detected by the phase detection unit (4125), the first current calculation unit 

(4123) calculates a current (referred to as a first current value (i1)) necessary for 

performing both compensation for the harmonic current on the power receiving path that 

connects the AC power source (1) and the power conversion device (2) (reduction of the 

harmonic current) and compensation for a reactive component of the fundamental wave 

(improvement of the power factor of the fundamental wave), and outputs the first current 

value (il) to the current command calculation unit (4122). 

[0044] 

To the second current calculation unit (4124), the currents (Irla, Itla) detected by 

the current detectors (413a, 413b) are input. The currents (Irla, Itla) are currents input 

to the first active filter device (41). On the basis of the currents (Irla, Itla) and the 

source phase detected by the phase detection unit (4125), the second current calculation 

unit (4124) calculates a second current value (i2). The second current value (i2) 

corresponds to a current that flows into the first active filter device (41) at this point in 

time in a case of performing both compensation for the harmonic current (reduction of the 

harmonic current) and compensation for a reactive component of the fundamental wave 

(improvement of the power factor of the fundamental wave). The second current 

calculation unit (4124) calculates the second current value (i2) for each phase. The 
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second current calculation unit (4124) outputs the second current value (i2) to the gate 

pulse generator (4121) for each phase. 

[0045] 

The current command calculation unit (4122) calculates a current having a phase 

opposite to that of the first current value (il) and outputs the value of the current to the 

gate pulse generator (4121) as a current command value (Irefl). 

[0046] 

The operation determination unit (4126) includes an operating current range setting 

unit (4127) and a comparator (4128). The operation determination unit (4126) 

determines whether to operate the first current source (411) on the basis of the first current 

value (i1). In this example, the operation determination unit (4126) is configured to 

output to the gate pulse generator (4121) an operation start signal (S) for allowing the first 

current source (411) to operate in a case where the first current value (il) is within a 

predetermined operating current range. In this embodiment, the operating current range 

corresponds to all values of the load currents (Irf, Itf). The operating current range is set 

in the operating current range setting unit (4127). For example, as illustrated in Fig. 7, 

the first active filter device (41) is set so as to operate for all compensating current values. 

The compensating current value is the first current value (il) calculated on the basis of the 

load currents (Irf, Itf). In the operation determination unit (4126), the operating current 

range and the first current value (il) are compared by the comparator (4128). When the 

value of the first current value (il) is within the operating current range, the operation start 

signal (S) is output to the gate pulse generator (4121) from the comparator (4128). 

[0047] 

Fig. 7 illustrates combinations of the active filter devices in this embodiment, and 

AF1, AF2, and AF3 respectively correspond to the first active filter device (41), the 
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second active filter device (42), and the third active filter device (43). In Fig. 7, for the 

compensating current, an active filter device that is operated and the capacity thereof are 

illustrated as a region. When the compensating current is within the capacity, it is 

possible to output the necessary compensating current. For a plurality of active filter 

devices, the capacities thereof are illustrated in a stacked manner, and the top of the 

regions corresponds to the total capacity of the active filter devices that are in operation. 

An active filter device that is not illustrated in the figure for the compensating current is in 

a suspend state. 

[0048] 

The gate pulse generator (4121) generates and outputs to the first current source 

(411) the switching command value (G) so that the current value (the second current value 

(i2)) that is output from the first current source (411) matches the current command value 

(Irefl). The switching command value (G) is for giving an instruction for switching in 

the inverter circuit that constitutes the first current source (411). In this embodiment, the 

gate pulse generator (4121) performs feedback control in which an operation of generating 

the switching command value (G) on the basis of the error between the output current 

value (the second current value (i2)) of the first current source (411) and the current 

command value (Irefl) is repeated. Accordingly, a current (compensating current) that 

corresponds to the current command value (Irefl) is supplied to the power receiving path 

from the first current source (411). 

[0049] 

- Second Controller (422) - 

Fig. 5 is a block diagram illustrating an example configuration of the second 

controller (422). The second controller (422) controls the output current from the second 

current source (421). In this example, the second controller (422) includes a gate pulse 
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generator (4221), a current command calculation unit (4222), a first current calculation 

unit (4223), a second current calculation unit (4224), a phase detection unit (4225), and an 

operation determination unit (4226). The second controller (422) can also be formed by 

using, for example, a microcomputer and a memory device that stores a program for 

operating the microcomputer. 

[0050] 

The phase detection unit (4225) detects the phase of the source voltage (Vrs) on the 

power receiving path. The phase detection unit (4225) transmits the source phase to the 

first current calculation unit (4223) and the second current calculation unit (4224). 

[0051] 

To the first current calculation unit (4223), the load currents (Irf, Itf) detected by 

the current detectors (3a, 3b) are input. On the basis of the load currents (Irf, Itf) and the 

source phase detected by the phase detection unit (4225), the first current calculation unit 

(4223) calculates a current (referred to as a third current value (i3)) necessary for 

performing both compensation for the harmonic current on the power receiving path that 

connects the AC power source (1) and the power conversion device (2) (reduction of the 

harmonic current) and compensation for a reactive component of the fundamental wave 

(improvement of the power factor of the fundamental wave), and outputs the third current 

value (i3) to the current command calculation unit (4222) and the operation determination 

unit (4226). 

[0052] 

To the second current calculation unit (4224), the currents (Ir2a, It2a) detected by 

the current detectors (423a, 423b) are input. The currents (Ir2a, It2a) are currents input 

to the second active filter device (42). On the basis of the currents (Ir2a, It2a) and the 

source phase detected by the phase detection unit (4225), the second current calculation 
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unit (4224) calculates a fourth current value (i4). The fourth current value (i4) is a 

current that flows into the second active filter device (42) at this point in time in the case 

of performing both compensation for the harmonic current (reduction of the harmonic 

current) and compensation for a reactive component of the fundamental wave 

(improvement of the power factor of the fundamental wave). The second current 

calculation unit (4224) calculates the fourth current value (i4) for each phase. The 

second current calculation unit (4224) outputs the fourth current value (i4) to the gate 

pulse generator (4221) for each phase. 

[0053] 

The current command calculation unit (4222) calculates a current having a phase 

opposite to that of the third current value (i3) and outputs the value of the current to the 

gate pulse generator (4221) as a current command value (Iref2). 

[0054] 

The operation determination unit (4226) includes an operating current range setting 

unit (4227) and a comparator (4228). The operation determination unit (4226) 

determines whether to operate the second current source (421) on the basis of the third 

current value (i3). In this example, the operation determination unit (4226) is configured 

to output to the gate pulse generator (4221) the operation start signal (S) for allowing the 

second current source (421) to operate in a case where the third current value (i3) is within 

a predetermined operating current range. In this embodiment, the operating current range 

corresponds to values of the load currents (Irf, Itf) larger than a value twice the medium 

load of air conditioning. The operating current range is set in the operating current range 

setting unit (4227). For example, as illustrated in Fig. 7, the second active filter device 

(42) is set so as to operate in a case where the compensating current that exceeds the total 

capacity of the first active filter device (41) and the third active filter device (43) is 
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necessary. The compensating current is the third current value (i3) calculated on the 

basis of the load currents (Irf, Itf). In the operation determination unit (4226), the 

operating current range and the third current value (i3) are compared by the comparator 

(4228). When the value of the third current value (i3) is within the operating current 

range, the operation start signal (S) is output to the gate pulse generator (4221) from the 

comparator (4228). 

[0055] 

In a case where the operation start signal (S) is input from the operation 

determination unit (4226), the gate pulse generator (4221) generates and outputs to the 

second current source (421) the switching command value (G) so that the fourth current 

value (i4) for each phase that is input to the second active filter device (42) matches the 

current command value (Iref2). The switching command value (G) is for giving an 

instruction for switching in the inverter circuit that constitutes the second current source 

(421). In this embodiment, the gate pulse generator (4221) performs feedback control in 

which an operation of generating the switching command value (G) on the basis of the 

error between the output current value (the fourth current value (i4)) of the second current 

source (421) and the current command value (Iref2) is repeated. Accordingly, a current 

(compensating current) that corresponds to the current command value (Iref2) is supplied 

to the power receiving path from the second current source (421). 

[0056] 

- Third Controller (432) - 

Fig. 6 is a block diagram illustrating an example configuration of the third 

controller (432). The third controller (432) controls the output current from the third 

current source (431). In this example, the third controller (432) includes a gate pulse 

generator (4321), a current command calculation unit (4322), a first current calculation 



- 20 - 

unit (4323), a second current calculation unit (4324), a phase detection unit (4325), and an 

operation determination unit (4326). The third controller (432) can also be formed by 

using, for example, a microcomputer and a memory device that stores a program for 

operating the microcomputer. 

[0057] 

The phase detection unit (4325) detects the phase of the source voltage (Vrs) on the 

power receiving path. The phase detection unit (4325) transmits the source phase to the 

first current calculation unit (4323) and the second current calculation unit (4324). 

[0058] 

To the first current calculation unit (4323), the load currents (Irf, Itf) detected by 

the current detectors (3a, 3b) are input. On the basis of the load currents (Irf, Itf) and the 

source phase detected by the phase detection unit (4325), the first current calculation unit 

(4323) calculates a current (referred to as a fifth current value (i5)) necessary for 

performing both compensation for the harmonic current on the power receiving path that 

connects the AC power source (1) and the power conversion device (2) (reduction of the 

harmonic current) and compensation for a reactive component of the fundamental wave 

(improvement of the power factor of the fundamental wave), and outputs the fifth current 

value (i5) to the current command calculation unit (4322) and the operation determination 

unit (4326). 

[0059] 

To the second current calculation unit (4324), the currents (Ir3a, It3a) detected by 

the current detectors (433a, 433b) are input. The currents (Ir3a, It3a) are currents input 

to the third active filter device (43). On the basis of the currents (Ir3a, It3a) and the 

source phase detected by the phase detection unit (4325), the second current calculation 

unit (4324) calculates a sixth current value (i6). The sixth current value (i6) is a current 
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that flows into the third active filter device (43) at this point in time in the case of 

performing both compensation for the harmonic current (reduction of the harmonic 

current) and compensation for a reactive component of the fundamental wave 

(improvement of the power factor of the fundamental wave). The second current 

calculation unit (4324) calculates the sixth current value (i6) for each phase. The second 

current calculation unit (4324) outputs the sixth current value (i6) to the gate pulse 

generator (4321) for each phase. 

[0060] 

The current command calculation unit (4322) calculates a current having a phase 

opposite to that of the fifth current value (i5) and outputs the value of the current to the 

gate pulse generator (4321) as a current command value (Iref3). 

[0061] 

The operation determination unit (4326) includes an operating current range setting 

unit (4327) and a comparator (4328). The operation determination unit (4326) 

determines whether to operate the third current source (431) on the basis of the fifth 

current value (i5). In this example, the operation determination unit (4326) is configured 

to output to the gate pulse generator (4321) the operation start signal (S) for allowing the 

third current source (431) to operate in a case where the fifth current value (i5) is within a 

predetermined operating current range. In this embodiment, the operating current range 

corresponds to compensating current values corresponding to the load currents (Irf, Itf) 

ranging from the medium load of air conditioning to a load twice the medium load, and to 

compensating current values corresponding to the load currents (Irf, Itf) ranging from the 

rated load to the maximum load. The operating current range is set in the operating 

current range setting unit (4327). For example, as illustrated in Fig. 7, the third active 

filter device (43) is set so as to operate in a range from the compensating current that 
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exceeds the capacity of the first active filter device (41) to the compensating current 

corresponding to the total capacity of the first active filter device (41) and the third active 

filter device (43) and in a range of the compensating current that exceeds the total capacity 

of the first active filter device (41) and the second active filter device (42). The 

compensating current is the fifth current value (i5) calculated on the basis of the load 

currents (Irf, Itf). In the operation determination unit (4326), the operating current range 

and the fifth current value (i5) are compared by the comparator (4328). When the value 

of the fifth current value (i5) is within the operating current range, the operation start 

signal (S) is output to the gate pulse generator (4321) from the comparator (4328). 

[0062] 

In a case where the operation start signal (S) is input from the operation 

determination unit (4326), the gate pulse generator (4321) generates and outputs to the 

third current source (431) the switching command value (G) so that the sixth current value 

(i6) for each phase that is input to the third active filter device (43) matches the current 

command value (Iref3). The switching command value (G) is for giving an instruction 

for switching in the inverter circuit that constitutes the third current source (431). In this 

embodiment, the gate pulse generator (4321) performs feedback control in which an 

operation of generating the switching command value (G) on the basis of the error 

between the output current value (the sixth current value (i6)) of the third current source 

(431) and the current command value (Iref3) is repeated. Accordingly, a current 

(compensating current) that corresponds to the current command value (Iref3) is supplied 

to the power receiving path from the third current source (431). 

[0063] 

This embodiment assumes that the operating current ranges of the active filter 

devices (41, 42, 43) are respectively set in advance in the operating current range setting 
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units (4127, 4227, 4327). However, after the active filter system (4) is turned on, the 

active filter devices (41, 42, 43) may communicate with one another to determine the 

operating current ranges on the basis of the respective capacities. As the method for 

communication, for example, a serial communication method that is generally used in 

communication between the devices in the air conditioning device (5) may be used. 

[0064] 

<Operations of Air Conditioning Device (5)> 

When the air conditioning device (5) is activated, the controllers (412, 422, 432) of 

the active filter devices (41, 42, 43) also start operating. Accordingly, in the first active 

filter device (41), the first current calculation unit (4123) calculates the first current value 

(il) and the second current calculation unit (4124) calculates the second current value (i2). 

When the second current value (i2) is calculated, a compensating current is output from 

the first current source (411) of the first active filter device (41). That is, the first active 

filter device (41) enters an operating state. 

[0065] 

At this time, for example, in a case where the load on the air conditioning device 

(5) is smaller than the medium load, the load currents (Irf, Itf) are small, and the value of 

the third current value (i3) calculated by the first current calculation unit (4223) of the 

second controller (422) is outside the operating current range of the second active filter 

device. Therefore, in the second active filter device (42), the operation start signal (S) is 

not output from the operation determination unit (4226). Accordingly, a compensating 

current is not output from the second current source (421) of the second active filter 

device (42). That is, the second active filter device (42) is in a suspend state. 

[0066] 

Similarly, the value of the fifth current value (i5) calculated by the first current 



- 24 - 

calculation unit (4323) of the third controller (432) is outside the operating current range 

of the third active filter device. Therefore, in the third active filter device (43), the 

operation start signal (S) is not output from the operation determination unit (4326). 

Accordingly, a compensating current is not output from the third current source (431) of 

the third active filter device (43). That is, the third active filter device (43) is also in the 

suspend state. 

[0067] 

When the load on the air conditioning device (5) becomes larger than the medium 

load, the first active filter device (41) enters a maximum output state. At this time, in the 

third active filter device (43), the value of the fifth current value (i5) calculated by the first 

current calculation unit (4323) of the third controller (432) becomes within the operating 

current range of the third active filter device (43). Accordingly, the operation start signal 

(S) is output from the operation determination unit (4326), and a compensating current is 

output from the third current source (431) of the third active filter device (43). That is, 

the third active filter device (43) transitions from the suspend state to the operating state. 

[0068] 

When the load on the air conditioning device (5) becomes larger than a load twice 

the medium load, both the first active filter device (41) and the third active filter device 

(43) enter the maximum output state. At this time, in the second active filter device (42), 

the value of the third current value (i3) calculated by the first current calculation unit 

(4223) of the second controller (422) becomes within the operating current range of the 

second active filter device. Accordingly, the operation start signal (S) is output from the 

operation determination unit (4226), and a compensating current is output from the second 

current source (421) of the second active filter device (42). That is, the second active 

filter device (42) transitions from the suspend state to the operating state. At the same 
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time, in the third active filter device (43), the value of the fifth current value (i5) 

calculated by the first current calculation unit (4323) of the third controller (432) becomes 

outside the operating current range of the third active filter device (43). Accordingly, the 

operation start signal (S) is not output from the operation determination unit (4326) any 

more, and a compensating current is not output from the third current source (431) of the 

third active filter device (43) any more. That is, the third active filter device (43) 

transitions from the operating state to the suspend state. 

[0069] 

When the load on the air conditioning device (5) becomes larger than the rated 

load, both the first active filter device (41) and the second active filter device (42) enter 

the maximum output state. At this time, in the third active filter device (43), the value of 

the fifth current value (i5) calculated by the first current calculation unit (4323) of the 

third controller (432) becomes within the operating current range of the third active filter 

device. Accordingly, the operation start signal (S) is output from the operation 

determination unit (4326), and a compensating current is output from the third current 

source (431) of the third active filter device (43). That is, the third active filter device 

(43) transitions from the suspend state to the operating state. Accordingly, all of the 

active filter devices (41, 42, 43) enter the operating state for a load ranging from the rated 

load to the maximum load. 

[0070] 

When the active filter system (4) thus operates, an appropriate compensating 

current is output, and a harmonic component included in the current provided to the power 

conversion device (2) and the compensating current cancel each other in the air 

conditioning device (5). Accordingly, the current provided from the AC power source 

(1) becomes a sine wave as a result of removal of the harmonic current, and the power 
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factor is also improved. 

[0071] 

As described above, in this embodiment, the plurality of (in this example, three) 

active filter devices (41, 42, 43) having different capacities are used in the air conditioning 

device (5), and the combination of the active filter devices (41, 42, 43) is changed so as to 

maximize the ratio of the compensating current relative to the total capacity of the 

operating active filter devices. 

[0072] 

<Effects of this Embodiment> 

In this embodiment, the active filter devices (41, 42, 43) are combined so as to 

maximize the ratio of the compensating current relative to the total capacity of the 

operating active filter devices (41, 42, 43). The possibility of the active filter devices 

(41, 42, 43) in operation being used with the maximum current or a current having a 

magnitude close to the maximum current becomes higher than in a case where the active 

filter devices (41, 42, 43) are only equally responsible for the compensating current. In 

general, a switching element that constitutes a current source is designed to operate with 

the highest efficiency in a case where the maximum allowable current is provided. 

Therefore, in a case where the number of operating active filter devices and the total 

capacity are combined so that the active filter devices (41, 42, 43) that are in operation are 

used with the maximum current or a current having a magnitude close to the maximum 

current, it is possible to operate the active filter system (4) in a more efficient state than in 

a case of equally operating the three active filter devices (41, 42, 43). 

[0073] 

<<Third Embodiment of the Present Invention>> 

In a third embodiment of the present invention, an example where the number of 
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operating active filter devices among the active filter devices (41, 42, 43) is smallest is 

described. Fig. 8 illustrates example combinations of the active filter devices in this 

embodiment. 

[0074] 

When the load on the air conditioning device (5) becomes larger than the medium 

load, options are available. One of the options is to operate the third active filter device 

(43), and the other option is to operate the second active filter device (42) and suspend the 

first active filter device (41). At this time, the following relationship holds: {capacity of 

first active filter device (41)} < {capacity of second active filter device (42)} __ {total 

capacity of first active filter device (41) and third active filter device (43)1. Therefore, to 

maximize the ratio of the compensating current relative to the total capacity of the 

operating active filter devices and to minimize the number of operating active filter 

devices, it is necessary to operate the second active filter device (42) and suspend the first 

active filter device (41). 

[0075] 

The result of selecting a combination of operating active filter devices on the basis 

of a similar idea is illustrated in Fig. 8. Compared to the example in Fig. 7, it is found 

that an active filter device having a larger capacity is preferentially operated in a current 

range in which options of a plurality of combinations are available. 

[0076] 

<Effects of this Embodiment> 

In this embodiment, for the necessary compensating current, the ratio of the 

compensating current relative to the total capacity of operating active filter devices is 

maximized and the number of operating active filter devices is minimized. Therefore, it 

is possible to operate the active filter system in a more efficient state. In the active filter 
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devices, some power, such as power consumed by a control circuit, is continuously 

consumed during operation regardless of the magnitude of output. Such power 

consumption increases as the number of operating active filter devices increases. 

Therefore, the power consumption can be reduced by minimizing the number of operating 

active filter devices. 

[0077] 

<<Fourth Embodiment of the Present Invention>> 

In a fourth embodiment of the present invention, an example timing at which 

operating active filter devices among the active filter devices (41, 42, 43) and the 

combination thereof change is described. 

[0078] 

As illustrated in Fig. 1, in a case where the three active filter devices that provide 

two types of capacities are used, it is possible to provide four types of total capacities by 

all combinations. At the timing when the necessary compensating current exceeds or 

falls below the compensating current that corresponds to any of the four types of total 

capacities or the load current, the combination is changed. It is also possible to estimate 

the timing by checking the increase-decrease state of the load. 

[0079] 

<Effects of this Embodiment> 

When the capacities of the respective active filter devices are known, a 

compensating current value or a load current value for which the combination of operating 

active filter devices is to be changed is determined. Therefore, it is possible to easily set 

the timing at which the combination is to be changed. 

[0080] 

<<Fifth Embodiment of the Present Invention>> 
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In a fifth embodiment of the present invention, another example timing at which 

operating active filter devices among the active filter devices (41, 42, 43) and the 

combination thereof change is described. 

[0081] 

Fig. 1 illustrates total capacities that can be provided by all combinations in a case 

where the three active filter devices that provide two types of capacities are used. Fig. 9 

illustrates, for each of the total capacities, a point at which the efficiency of the one or 

more active filter devices reaches the maximum. In this example, the efficiency reaches 

the maximum at an output of about 80% of the maximum output of the one or more active 

filter devices. In a case of using such devices, the combination of active filter devices for 

the necessary compensating current is set by using not the capacities but the output at 

which the efficiency reaches the maximum. Fig. 10 illustrates example combinations of 

the active filter devices for the compensating current. It is found that, as the 

compensating current increases, the combination changes before the output of the one or 

more active filter devices that are in operation reaches the maximum. 

[0082] 

<Effects of this Embodiment> 

For the compensating current, the active filter devices that are in operation are used 

at an output below the maximum output, and therefore, it is possible to increase the hours 

of operation in an efficient state. Accordingly, it is possible to operate the active filter 

system in a more efficient state. 

[0083] 

<<First Modification of Second Embodiment>> 

In a first modification, an example where it is determined whether to operate the 

active filter devices (41, 42, 43) on the basis of power (P) is described. Fig. 11 is a block 
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diagram illustrating the configuration of the air conditioning device (5) according to the 

first modification. In the first modification, the three active filter devices (41, 42, 43) are 

also configured. In the following description, a component the same as that in the second 

embodiment is assigned the same reference numeral and a description thereof is omitted, 

and only different components are described. 

[0084] 

In the first modification, the configuration of the active filter devices (41, 42, 43) is 

different from that in the second embodiment. As illustrated in Fig. 11, in the active 

filter devices (41, 42, 43) of the first modification, the first controller (412), the second 

controller (422), and the third controller (432) included in the active filter devices (41, 42, 

43) of the second embodiment are respectively replaced by a first controller (415), a 

second controller (425), and a third controller (435). Fig. 12 is a block diagram 

illustrating the configuration of the first controller (415) according to the first 

modification. In the first controller (415), an operation determination unit (4129) is 

provided instead of the operation determination unit (4126) included in the first controller 

(412) of the second embodiment. 

[0085] 

The operation determination unit (4129) determines whether to operate the first 

current source (411) on the basis of the power (P) supplied to the power conversion device 

(2). Specifically, the operation determination unit (4129) includes a multiplier (4130), a 

comparator (4131), and an operating power range setting unit (4132). The multiplier 

(4130) multiplies the source voltage (Vrs) and the load currents (Irf, Itt) to calculate the 

power (P) of the power conversion device (2). In the operation determination unit 

(4129), an operating power range and the value of the power (P) are compared by the 

comparator (4131). The operating power range is set in the operating power range 
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setting unit (4132). With this configuration, in the operation determination unit (4129), 

when the value of the power (P) is within the operating power range, the operation start 

signal (S) is output to the gate pulse generator (4121) from the comparator (4131). That 

is, the operation determination unit (4129) determines whether to operate the first current 

source (411) in accordance with the power (P) of the power conversion device (2). 

[0086] 

Although block diagrams are not provided, the second controller and the third 

controller have configurations similar to that of the first controller, and the operating 

power ranges thereof differ as in the second embodiment in which the operating current 

ranges of the first controller, the second controller, and the third controller differ. 

[0087] 

<Operations of Air Conditioning Device (5)> 

With the above-described configuration, a compensating current is also output from 

the active filter devices (41, 42, 43), and the combination of operation and suspension of 

the active filter devices changes in accordance with the value of the power (P). 

[0088] 

<Effects of First Modification> 

In the first modification, the active filter devices (41, 42, 43) are also combined so 

as to maximize the ratio of the compensating current relative to the total capacity of 

operating active filter devices. Therefore, in the first modification, it is also possible to 

achieve effects similar to those achieved in the second embodiment. 

[0089] 

Further, the first modification is effective in a case where there is a concern about a 

voltage drop in the AC power source (1). For example, in a case where the voltage of the 

AC power source (1) drops and the power conversion device (2) continues generating the 
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power (P) the same as that before the voltage drop, the current increases in the power 

conversion device (2) by an amount corresponding to the voltage drop. Therefore, in a 

case where it is determined whether to operate the active filter devices (41, 42, 43) on the 

basis of the current value, there is a possibility that the second active filter device (42) is 

operated in a case where the compensating current can be sufficiently supplied only by the 

first active filter device (41). On the other hand, in the first modification, it is determined 

whether to operate the second current source (421) on the basis of the magnitude of the 

power (P) of the power conversion device (2). Therefore, even in a case where the 

current value of the power conversion device (2) fluctuates, it is possible to determine 

whether to operate the active filter devices (41, 42, 43) with certainty. 

[0090] 

<<Other Embodiments>> 

The number of active filter devices that constitute the active filter system is an 

example. When two or more active filter devices are used, it is possible to combine two 

or more types of capacities. An example as illustrated in Fig. 13 where two active filter 

devices are combined is possible. 

[0091] 

The field of application of the active filter system is not limited to the air 

conditioning device. 

[0092] 

The active filter devices need not include the function of improving the power 

factor of the fundamental wave. That is, the active filter devices may be configured to 

have only the function of reducing the harmonic current. The active filter devices can be 

configured to have only the function of improving the power factor of the fundamental 

wave. In this case, the active filter devices need to obtain the power factor of the 
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fundamental wave by detecting the source current instead of the load current and to 

compensate for only a reactive current on the basis of the magnitude of the power factor. 

[0093] 

There may be a case where a smart meter that transmits information about power 

usage and other information to an electric power company and so on may be used in a 

building or the like. In such a case, the smart meter may be used as a detector for 

detecting the source current. 

Industrial Applicability 

[0094] 

The present invention is effective as an active filter system and an air conditioning 

device. 

Reference Signs List 

[0095] 

1 	AC power source 

2 power conversion device (harmonic-generating load device) 

4 active filter system 

5 air conditioning device 

41 	first active filter device 

42 second active filter device 

43 	third active filter device 
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CLAIMS 

[Claim 1] 

An active filter system comprising 

a plurality of active filter devices (41, 42, 43) that each have an output connected to 

a harmonic-generating load device (2) and are capable of generating a compensating 

current for performing at least one of reduction of a harmonic current of the harmonic-

generating load device (2) and improvement of a power factor of a fundamental wave, 

wherein 

the plurality of active filter devices (41, 42, 43) provide two or more types of 

capacities, and 

the number and a combination of operating active filter devices among the active 

filter devices (41, 42, 43) change in accordance with a magnitude of the compensating 

current. 

[Claim 2] 

The active filter system according to Claim 1, wherein 

the number and the combination of the operating active filter devices among the 

active filter devices (41, 42, 43) change so as to maximize a ratio of the compensating 

current relative to a total capacity of the operating active filter devices among the active 

filter devices (41, 42, 43). 

[Claim 3] 

The active filter system according to Claim 2, wherein 

an active filter device having a large capacity among the active filter devices (41, 

42, 43) is preferentially operated. 
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[Claim 4] 

The active filter system according to Claim 2 or 3, wherein 

when the compensating current exceeds or falls below a value of the compensating 

current corresponding to a total capacity of any combination among all combinations for 

selecting one or more active filter devices from among the plurality of active filter devices 

(41, 42, 43), the combination of the operating active filter devices among the active filter 

devices (41, 42, 43) changes. 

[Claim 5] 

The active filter system according to any of Claims 2 to 4, wherein 

instead of capacities of the respective active filter devices (41, 42, 43), an output at 

which the active filter devices (41, 42, 43) reach a maximum efficiency is used. 

[Claim 6] 

The active filter system according to any of Claims 1 to 5, wherein 

the harmonic-generating load device (2) is a power conversion device. 

[Claim 7] 

An air conditioning device comprising the active filter system according to any of 

Claims 1 to 6. 


