
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

25
8 

58
3

A
1

TEPZZ¥ 5858¥A_T
(11) EP 3 258 583 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
20.12.2017 Bulletin 2017/51

(21) Application number: 15883902.7

(22) Date of filing: 02.03.2015

(51) Int Cl.:
H02M 3/155 (2006.01) F25B 1/00 (2006.01)

(86) International application number: 
PCT/JP2015/056120

(87) International publication number: 
WO 2016/139734 (09.09.2016 Gazette 2016/36)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA

(71) Applicant: Mitsubishi Electric Corporation
Chiyoda-ku
Tokyo 100-8310 (JP)

(72) Inventors:  
• YUASA, Kenta

Tokyo 100-8310 (JP)
• KUSUBE, Shinsaku

Tokyo 100-8310 (JP)
• IWATA, Akihiko

Tokyo 100-8310 (JP)
• TSUMURA, Akihiro

Tokyo 100-8310 (JP)

(74) Representative: Pfenning, Meinig & Partner mbB
Patent- und Rechtsanwälte 
Joachimsthaler Straße 10-12
10719 Berlin (DE)

(54) POWER CONVERSION DEVICE AND REFRIGERATION CYCLE DEVICE

(57) Provided is a power conversion device (1), in-
cluding: a resistance value changing circuit; a booster
circuit (4); a smoothing capacitor (5), the booster circuit
(4) including: a reactor (11); a first backflow prevention
device (12) and a second backflow prevention device
(13); a first switching device (14) and a second switching

device (15); and an intermediate capacitor (16); and a
drive circuit (7), which is configured to generate a control
power source to drive the first switching device (14) and
the second switching device (15) with the control power
source.
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Description

Technical Field

[0001] The present invention relates to a power con-
version device configured to convert electric power and
a refrigeration cycle apparatus including the power con-
version device.

Background Art

[0002] Examples of a refrigeration cycle apparatus in-
cluding a power conversion device include a refrigerating
and air-conditioning apparatus. The refrigerating and air-
conditioning apparatus includes a compressor and a fan,
for example. A large-capacity power conversion device,
which is configured to drive motors included in the com-
pressor, the fan, and other components, adopts a method
in which a DC bus voltage for driving an inverter is gen-
erated by a three-phase full-wave rectifier circuit, for ex-
ample. A smoothing capacitor is connected in a previous
stage of the inverter to stabilize a voltage output to the
inverter. Then, an AC voltage supplied from a commercial
power supply is converted into a DC voltage by a rectifier,
smoothed by the smoothing capacitor, and then convert-
ed into an AC voltage having a predetermined voltage
value and frequency by the inverter. Then, the voltage is
output to a motor and other loads.
[0003] Indices for measuring a capacity of the refrig-
erating and air-conditioning apparatus include energy ef-
ficiency ratios (COP) in a rated cooling operation and a
rated heating operation, and an annual performance fac-
tor (APF) throughout a year. In recent years, in the re-
frigerating and air-conditioning apparatus, in order to in-
crease the energy efficiency ratios and the annual per-
formance factor, the motor for the compressor tends to
be designed so that an induced voltage (counter-electro-
motive force) is at the same level as a power supply volt-
age near a rotation speed used in a rated operation of
the refrigerating and air-conditioning apparatus. In this
case, when operated in a high-speed rotation range ex-
ceeding the rotation speed, for example, during an over-
load operation, the power conversion device cannot out-
put a voltage that is equal to or higher than the power
supply voltage, and hence an electric current in the com-
pressor is increased due to output voltage saturation.
[0004] As a result, due to a reduction in motor efficiency
and an increase in loss of the power conversion device,
efficiency of the power conversion device is reduced.
Moreover, due to constraints of demagnetization resist-
ance of a magnet used in the motor of the compressor,
and of an allowable current and an allowable temperature
of a semiconductor used in the power conversion device,
there is a fear that an operating range of the motor may
be reduced. Moreover, the smoothing capacitor is
charged when a power supply is turned on. When a large-
capacity smoothing capacitor is charged, there is a fear
in that an inrush current that is several times a current in

a normal operation may flow through the smoothing ca-
pacitor from an AC power supply.
[0005] In Patent Literature 1, in order to drive the motor
with high efficiency and increase the operating range,
there is disclosed a power conversion device including
a booster circuit, which is configured to increase a range
of output voltages of the power conversion device. In
Patent Literature 1, magnetic energy of a reactor and
electrostatic energy of a charge and discharge capacitor,
which is provided separately from a smoothing capacitor,
are used in combination to perform a boost operation.
This charge and discharge capacitor is charged using an
initial charging circuit, which is formed of a diode and a
Zener diode. The initial charging circuit has a function of
preventing an inrush current, and also has a function of
protecting switching devices, which are provided to
charge the charge and discharge capacitor.

Citation List

Patent Literature

[0006] Patent Literature 1: Japanese Patent No.
5528622

Summary of Invention

Technical Problem

[0007] However, the power conversion device dis-
closed in Patent Literature 1 includes the initial charging
circuit, and hence has a problem of a complicated circuit
configuration.
[0008] The present invention has been made in view
of the above-mentioned problem, and therefore provides
a power conversion device having a simplified circuit con-
figuration, and a refrigeration cycle apparatus including
the power conversion device.

Solution to Problem

[0009] According to one embodiment of the present
invention, there is provided a power conversion device,
including: a resistance value changing circuit, which is
configured to receive input of a DC voltage, which in-
cludes a resistor and a relay connected in parallel to the
resistor, and which has a resistance value changed by
an operation of the relay; a booster circuit, which is con-
figured to boost the DC voltage output from the resistance
value changing circuit; a smoothing capacitor, which is
configured to smooth the DC voltage output from the
booster circuit, the booster circuit including: a reactor,
which is connected in series to the resistance value
changing circuit; a first backflow prevention device and
a second backflow prevention device, which connect the
reactor and one end of the smoothing capacitor to allow
an electric current to flow from the reactor side to the
smoothing capacitor side, and which are connected in
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series to each other; a first switching device and a second
switching device, which connect the reactor and another
end of the smoothing capacitor, and which are connected
in series to each other; and an intermediate capacitor,
which connects a point between the first backflow pre-
vention device and the second backflow prevention de-
vice and a point between the first switching device and
the second switching device; and a drive circuit, which
is configured to generate a control power source to drive
the first switching device and the second switching device
with the control power source.

Advantageous Effects of Invention

[0010] According to the embodiment of the present in-
vention, the resistance value converting circuit is includ-
ed. Therefore, the circuit configuration of the power con-
version circuit can be simplified while the inrush current
is prevented and the first switching device and the second
switching device are protected. Brief Description of Draw-
ings
[0011]

[Fig. 1] Fig. 1 is a circuit diagram for illustrating a
power conversion device 1 according to Embodi-
ment 1 of the present invention.
[Fig. 2A] Fig. 2A is a circuit diagram for illustrating a
path of an electric current in the power conversion
device 1 according to Embodiment 1 of the present
invention.
[Fig. 2B] Fig. 2B is a circuit diagram for illustrating a
path of an electric current in the power conversion
device 1 according to Embodiment 1 of the present
invention.
[Fig. 2C] Fig. 2C is a circuit diagram for illustrating a
path of an electric current in the power conversion
device 1 according to Embodiment 1 of the present
invention.
[Fig. 2D] Fig. 2D is a circuit diagram for illustrating a
path of an electric current in the power conversion
device 1 according to Embodiment 1 of the present
invention.
[Fig. 3] Fig. 3 is a timing chart for illustrating an op-
eration of the power conversion device 1 according
to Embodiment 1 of the present invention.
[Fig. 4] Fig. 4 is a flow chart for illustrating an oper-
ation of a controller 20 according to Embodiment 1
of the present invention.
[Fig. 5] Fig. 5 is a circuit diagram for illustrating a
power conversion device 1 according to a modifica-
tion example of Embodiment 1 of the present inven-
tion.
[Fig. 6] Fig. 6 is a circuit diagram for illustrating a
refrigeration cycle apparatus 40 according to Em-
bodiment 2 of the present invention.

Description of Embodiments

[0012] Now, a power conversion device and a refrig-
eration cycle apparatus according to embodiments of the
present invention are described with reference to the
drawings. Note that, the present invention is not limited
to the embodiments described below. Moreover, in the
drawings referred to below including Fig. 1, the size re-
lationship between components may be different from
the reality in some cases.

Embodiment 1

[0013] Fig. 1 is a circuit diagram for illustrating a power
conversion device 1 according to Embodiment 1 of the
present invention. The power conversion device 1 is de-
scribed with reference to Fig. 1. As illustrated in Fig. 1,
the power conversion device 1 includes an inrush pre-
vention circuit 3, a booster circuit 4, a smoothing capac-
itor 5, and a drive circuit 7. The power conversion device
1 further includes a rectifier 2, an inverter 6, and a con-
troller 20, for example. The power conversion device 1
is configured to convert an AC voltage supplied from a
three-phase commercial power supply 8 into an AC volt-
age having a predetermined voltage value and a prede-
termined frequency to be supplied to a motor 9 of a com-
pressor 51 (see Fig. 6), for example. The power conver-
sion device 1 may convert an AC voltage supplied from
a single-phase commercial power supply 8, or convert a
DC voltage supplied from a DC power supply.
[0014] The rectifier 2 is configured to convert the AC
voltage into a DC voltage to output the DC voltage to the
inrush prevention circuit 3. The rectifier 2 is configured
to convert a 200-V or 400-V AC voltage from the com-
mercial power supply 8 into the DC voltage, for example,
and is a three-phase full-wave rectifier circuit formed by
bridge-connecting six diodes 31, for example.
[0015] The inrush prevention circuit 3 is configured to
receive input of the DC voltage, includes an inrush pre-
venting resistor 3a and a relay 3b connected in parallel
to the inrush preventing resistor 3a, and has a resistance
value changed by an operation of the relay 3b. The inrush
prevention circuit 3 corresponds to a resistance value
changing circuit in the present invention. In this manner,
the inrush prevention circuit 3 prevents an inrush current
that flows when the power supply is turned on. The inrush
preventing resistor 3a corresponds to a resistor in the
present invention. Moreover, the relay 3b is connected
in parallel to the inrush preventing resistor 3a. When the
relay 3b is off, an electric current output from the rectifier
2 passes through the inrush preventing resistor 3a. In
contrast, when the relay 3b is on, the electric current out-
put from the rectifier 2 does not pass through the inrush
preventing resistor 3a, but passes through a side on
which the relay 3b is provided. When the power supply
is turned on, the relay 3b is turned off so that the electric
current is reduced in current value by the inrush prevent-
ing resistor 3a. As a result, the inrush current is prevent-
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ed.
[0016] The booster circuit 4 is configured to boost the
DC voltage output from the inrush prevention circuit 3.
The booster circuit 4 includes a reactor 11, a first backflow
prevention device 12, a second backflow prevention de-
vice 13, a first switching device 14, a second switching
device 15, and an intermediate capacitor 16.
[0017] The reactor 11 is connected in series to the in-
rush prevention circuit 3 to boost the DC voltage output
from the inrush prevention circuit 3.
[0018] The first backflow prevention device 12 and the
second backflow prevention device 13 are connected in
series to each other, and connect the reactor 11 and one
end of the smoothing capacitor 5 to allow an electric cur-
rent to flow from the reactor 11 side to the smoothing
capacitor 5 side. In Fig. 1, the first backflow prevention
device 12 is arranged on the smoothing capacitor 5 side,
and the second backflow prevention device 13 is ar-
ranged on the reactor 11 side. Each of the first backflow
prevention device 12 and the second backflow preven-
tion device 13 is a diode 31, for example, and may be
formed of a wide-bandgap semiconductor, for example,
silicon carbide (SiC), gallium nitride (GaN), or diamond,
which has a wide bandgap as compared to silicon (Si).
Alternatively, each of the first backflow prevention device
12 and the second backflow prevention device 13 may
be a fast recovery diode.
[0019] The first switching device 14 and the second
switching device 15 are connected in series to each other,
and connect the reactor 11 and an other end of the
smoothing capacitor 5. In Fig. 1, the first switching device
14 is arranged on the reactor 11 side, and the second
switching device 15 is arranged on the smoothing capac-
itor 5 side. In other words, in the booster circuit 4, the
reactor 11, the second backflow prevention device 13,
and the first switching device 14 are connected to one
another. Each of the first switching device 14 and the
second switching device 15 is a diode, for example, and
may be formed of a wide-bandgap semiconductor, for
example, silicon carbide (SiC), gallium nitride (GaN), or
diamond, which has a wide bandgap as compared to
silicon (Si).
[0020] The intermediate capacitor 16 connects a point
between the first backflow prevention device 12 and the
second backflow prevention device 13 and a point be-
tween the first switching device 14 and the second switch-
ing device 15 to boost, together with the reactor 11, the
DC voltage output from the inrush prevention circuit 3.
In this manner, boosting in the booster circuit 4 is per-
formed using not only the reactor 11 but also electrostatic
energy of the intermediate capacitor 16, and hence the
power conversion device 1 may increase a boosted
amount.
[0021] The smoothing capacitor 5 is configured to
smooth the DC voltage output from the booster circuit 4.
The smoothing capacitor 5 is charged with the DC voltage
output from the booster circuit 4, and the resistance value
of the inrush prevention circuit 3 is changed to change

charging time of the smoothing capacitor 5. A plurality of
the smoothing capacitors 5 are provided, for example,
and in Fig. 1, two smoothing capacitors 5 are exemplified.
[0022] The inverter 6 is connected in parallel to the
smoothing capacitors 5 to convert the DC voltage into an
AC voltage. A modulation method is PWM, for example.
The inverter 6 is formed of a plurality of switching devices,
for example, IGBTs. Each of semiconductor devices,
such as the switching devices, used in the inverter 6 may
be formed of a wide-bandgap semiconductor, for exam-
ple, silicon carbide (SIC).
[0023] The drive circuit 7 is configured to generate,
based on the voltage supplied from the smoothing ca-
pacitors 5, a control power source for controlling the first
switching device 14 and the second switching device 15
to drive the first switching device 14 and the second
switching device 15 with the control power source. The
drive circuit 7 may generate the control power source
based on a voltage supplied from the commercial power
supply 8.
[0024] The controller 20 is configured to control an op-
eration of the booster circuit 4, and includes a detection
unit 21, a determination unit 22, and a control unit 23.
[0025] The detection unit 21 is configured to detect a
capacitor voltage charged in the intermediate capacitor
16.
[0026] The determination unit 22 is configured to de-
termine whether or not the capacitor voltage, which is
detected by the detection unit 21, falls within a threshold
voltage range.
[0027] The control unit 23 is configured to cause, when
the determination unit 22 determines that the capacitor
voltage is outside the threshold voltage range, the drive
circuit 7 to drive the first switching device 14 and the
second switching device 15 so that the capacitor voltage
falls within the threshold voltage range.
[0028] Fig. 2A, Fig. 2B, Fig. 2C, and Fig. 2D are each
a circuit diagram for illustrating a path of an electric cur-
rent in the power conversion device 1 according to Em-
bodiment 1 of the present invention. Next, the path of the
electric current in the power conversion device 1 is de-
scribed. As illustrated in Fig. 2A, when the first switching
device 14 is turned off, and when the second switching
device 15 is turned on, the electric current is allowed to
flow through the rectifier 2, the reactor 11, the second
backflow prevention device 13, the intermediate capac-
itor 16, the second switching device 15, and the rectifier
2 in the stated order. In this manner, energy of the DC
voltage rectified in the rectifier 2 is transferred to the in-
termediate capacitor 16 to charge the intermediate ca-
pacitor 16.
[0029] When a voltage charged in the smoothing ca-
pacitors 5 is represented by Vdc, a capacitor voltage
charged in the intermediate capacitor 16 is Vdc/2, for
example. When the voltage charged in the intermediate
capacitor 16 is 0, the voltage of the smoothing capacitors
5 is applied only to the second switching device 15, and
there is a fear of exceeding a withstand voltage of the
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second switching device 15. In Embodiment 1, the ca-
pacitor voltage charged in the intermediate capacitor 16
is set to Vdc/2 so that Vdc/2 is applied to both of the first
switching device 14 and the second switching device 15.
In this manner, in Embodiment 1, the voltage is uniformly
applied to the first switching device 14 and the second
switching device 15.
[0030] As illustrated in Fig. 2B, when the first switching
device 14 is turned on, and when the second switching
device 15 is turned off, the electric current is allowed to
flow through the rectifier 2, the reactor 11, the first switch-
ing device 14, the intermediate capacitor 16, the first
backflow prevention device 12, the smoothing capacitors
5, and the rectifier 2 in the stated order. In this manner,
the voltage charged in the intermediate capacitor 16 is
discharged.
[0031] As illustrated in Fig. 2C, when the first switching
device 14 is turned off, and when the second switching
device 15 is turned off, the electric current is allowed to
flow through the rectifier 2, the reactor 11, the second
backflow prevention device 13, the first backflow preven-
tion device 12, the smoothing capacitors 5, and the rec-
tifier 2 in the stated order. In this manner, the energy of
the DC voltage rectified in the rectifier 2 is transferred to
the smoothing capacitors 5 to charge the smoothing ca-
pacitors 5.
[0032] As illustrated in Fig. 2D, when the first switching
device 14 is turned on, and when the second switching
device 15 is turned on, the electric current is allowed to
flow through the rectifier 2, the reactor 11, the first switch-
ing device 14, the second switching device 15, and the
rectifier 2 in the stated order. In this manner, the energy
of the DC voltage rectified in the rectifier 2 is transferred
to the reactor 11 to charge the reactor 11.
[0033] Fig. 3 is a timing chart for illustrating an opera-
tion of the power conversion device 1 according to Em-
bodiment 1 of the present invention. Next, the operation
of the power conversion device 1 is described. As illus-
trated in Fig. 3, when a breaker is turned on, the AC
voltage is supplied from the commercial power supply 8
to the power conversion device 1. When the power supply
is turned on, the electric current is allowed to flow along
the path illustrated in Fig. 2C so that the smoothing ca-
pacitors 5 start being charged first. At this time, the first
switching device 14 and the second switching device 15
do not operate because the control power source is not
generated.
[0034] When the voltage charged in the smoothing ca-
pacitors 5 exceeds a predetermined voltage, the drive
circuit 7 generates the control power source for control-
ling the first switching device 14 and the second switching
device 15. Then, the drive circuit 7 turns on the second
switching device 15 with the control power source. In
other words, a transition is made from the path illustrated
in Fig. 2C to the path illustrated in Fig. 2A. As a result,
the intermediate capacitor 16 starts being charged. In
this manner, the power conversion device 1 is configured
so that when the power supply is turned on, the capacitor

voltage charged in the intermediate capacitor 16 be-
comes lower than the voltage charged in the smoothing
capacitors 5.
[0035] Here, when the voltage of the smoothing capac-
itors 5 is represented by Vdc, a voltage rectified by the
rectifier 2 is represented by Vd, a capacity of the smooth-
ing capacitors 5 is represented by C, a resistance value
of the inrush preventing resistor 3a is represented by R,
and charging time is represented by t, a speed Vdc at
which the smoothing capacitors 5 are charged is calcu-
lated based on the following expression (1).

[0036] In other words, regarding the smoothing capac-
itors 5, the resistance value R of the inrush preventing
resistor 3a is changed to change the charging time of the
smoothing capacitors 5. The resistance value R is set to
a desired value to obtain the charging time of the smooth-
ing capacitors 5 illustrated in Fig. 3. When the charging
speed of the smoothing capacitors 5 is high, the second
switching device 15 is turned on with the generated con-
trol power source, and the charging of the smoothing
capacitors 5 is completed before charging of the inter-
mediate capacitor 16 is started. In this case, there is a
fear of exceeding the withstand voltage of the second
switching device 15.
[0037] In Embodiment 1, the charging time of the
smoothing capacitors 5 is delayed when the power sup-
ply is turned on, with the result that the charging of the
intermediate capacitor 16 is started before the charging
of the smoothing capacitors 5 is completed. In this man-
ner, the exceeding of the withstand voltage of the second
switching device 15 is suppressed.
[0038] The completion of the charging of the smoothing
capacitors 5 encompasses not only a case where the
smoothing capacitors 5 are fully charged, but also a case
where a voltage that is 90% or more of a full charge volt-
age of the smoothing capacitors 5 is charged, for exam-
ple.
[0039] Fig. 4 is a flow chart for illustrating an operation
of the controller 20 according to Embodiment 1 of the
present invention. Next, the operation of the controller
20 in the power conversion device 1 is described. As
illustrated in Fig. 4, first, the capacitor voltage of the in-
termediate capacitor 16 is detected by the detection unit
21 (Step ST1). Next, the determination unit 22 deter-
mines whether or not the capacitor voltage detected by
the detection unit 21 falls within the threshold voltage
range (Step ST2). Specifically, it is determined whether
or not the capacitor voltage is smaller than a first thresh-
old value and is larger than a second threshold value.
When it is determined that the capacitor voltage falls with-
in the threshold voltage range (Yes in Step ST2), the
control is ended.
[0040] In contrast, when it is determined that the ca-
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pacitor voltage is outside the threshold voltage range (No
in Step ST2), it is determined whether or not the capacitor
voltage is smaller than the second threshold value (Step
ST3). When it is determined that the capacitor voltage is
smaller than the second threshold value (Yes in Step
ST3), the control unit 23 instructs the drive circuit 7 to
turn on the second switching device 15 (Step ST5). When
it is determined that the capacitor voltage is smaller than
the second threshold value, the second switching device
15 is turned on to charge the capacitor voltage (Fig. 2A).
As a result, the capacitor voltage is increased.
[0041] In contrast, when it is determined that the ca-
pacitor voltage is larger than the second threshold value
in Step ST3 (No in Step ST3), the capacitor voltage is
determined to be larger than the first threshold value
(Step ST4). Then, the control unit 23 instructs the drive
circuit 7 to turn on the first switching device 14 (Step
ST6). When it is determined that the capacitor voltage is
larger than the first threshold value, the first switching
device 14 is turned on to discharge the capacitor voltage
(Fig. 2B). As a result, the capacitor voltage is decreased.
[0042] Then, when Step ST5 and Step ST6 are com-
pleted, the control returns to Step ST1. The control is
repeated in this manner, with the result that the capacitor
voltage of the intermediate capacitor 16 falls within the
threshold voltage range.
[0043] Here, there is exemplified a case where a target
value of the capacitor voltage of the intermediate capac-
itor 16 is 1/2 the full charge voltage Vdc of the smoothing
capacitors 5. The capacitor voltage charged in the inter-
mediate capacitor 16 is set to Vdc/2 so that Vdc/2 is ap-
plied to both of the first switching device 14 and the sec-
ond switching device 15. In this manner, in Embodiment
1, the voltage is uniformly applied to the first switching
device 14 and the second switching device 15.
[0044] Further, the first threshold value is set to
Vdc/2+α, and the second threshold value is set to Vdc/2-
α, for example. Here, α is a parameter indicating how
closely the voltage approximates to the target value
Vdc/2 of the capacitor voltage. In other words, α is a
parameter indicating to what extent the voltages applied
to the first switching device 14 and the second switching
device 15 become out of balance. Therefore, when the
withstand voltage of each of the first switching device 14
and the second switching device 15 is low, α is set small,
and when the withstand voltage of each of the first switch-
ing device 14 and the second switching device 15 is high,
α is set large. In the above description, the capacitor
voltage is set to Vdc/2, and the parameter is set to α.
However, the present invention is not limited thereto, and
the capacitor voltage and the parameter may be changed
as appropriate depending on the use.
[0045] Next, an action of the power conversion device
1 according to Embodiment 1 is described. The drive
circuit 7 is configured to drive the first switching device
14 and the second switching device 15 with the voltage
supplied from the smoothing capacitors 5. As a result,
when the power supply is turned on or in the normal op-

eration after the smoothing capacitors 5 are charged, the
intermediate capacitor 16 can be charged with operations
of the first switching device 14 and the second switching
device 15. Moreover, the power conversion device 1 in-
cludes the inrush prevention circuit 3, and hence can
prevent the inrush current, which flows when the power
supply is turned on.
[0046] In the related art, when not only the smoothing
capacitors 5 but also the intermediate capacitor 16 is
provided, for the purpose of preventing the inrush current
and suppressing the exceeding of the withstand voltage
of each of the first switching device 14 and the second
switching device 15, an initial charging circuit is provided.
The initial charging circuit includes a diode and a Zener
diode. The diode connects a point between the first
switching device and the second switching device and a
point between the smoothing capacitors to allow an elec-
tric current to flow from a side of the point between the
first switching device and the second switching device to
a side of the point between the smoothing capacitors.
Moreover, the Zener diode prevents the electric current
from flowing from the side of the point between the first
switching device and the second switching device to the
side of the point between the smoothing capacitors until
a Zener voltage is reached.
[0047] The initial charging circuit is configured to
charge the intermediate capacitor when the power supply
is turned on. In this manner, the initial charging circuit
not only prevents the inrush current, but also suppresses
the exceeding of the withstand voltage of each of the first
switching device and the second switching device.
[0048] In contrast, in Embodiment 1, also when the
power supply is turned on, the intermediate capacitor 16
is charged with the operations of the first switching device
14 and the second switching device 15. Therefore, the
necessity for an initial charging circuit 30 is eliminated.
Therefore, the circuit configuration of the power conver-
sion device 1 can be simplified. In this manner, in Em-
bodiment 1, the circuit configuration can be simplified
while the inrush current is prevented and the first switch-
ing device 14 and the second switching device 15 are
protected. Moreover, as a result, a cost and a footprint
can be reduced. Further, without the initial charging cir-
cuit 30, the necessity for a unit configured to suppress
the flow of the electric current at times other than the
initial charging is also eliminated, and design is made
easy.
[0049] Moreover, the controller 20 performs control so
that the capacitor voltage of the intermediate capacitor
16 falls within the threshold voltage range, and hence
the exceeding of the withstand voltage of each of the first
switching device 14 and the second switching device 15
is further suppressed. Therefore, as each of the first
switching device 14 and the second switching device 15,
an inexpensive device having a low withstand voltage
can be used. As a result, each of the first switching device
14 and the second switching device 15 may be configured
to have a withstand voltage that is lower than a withstand

9 10 



EP 3 258 583 A1

7

5

10

15

20

25

30

35

40

45

50

55

voltage of at least one of a semiconductor device used
in the rectifier 2 or the semiconductor device used in the
inverter 6.
[0050] Moreover, in the power conversion device 1,
charging of the intermediate capacitor 16 is started be-
fore charging of the smoothing capacitors 5 is completed.
In addition, the controller 20 performs control so that the
capacitor voltage of the intermediate capacitor 16 falls
within the threshold voltage range. Therefore, starting
performance until the booster circuit 4 is fully started can
be improved.
[0051] In Embodiment 1, the operation at the time
when the power supply is turned on has been described,
but the present invention is not limited thereto. For ex-
ample, when the inverter 6 is stopped, and when the de-
termination unit 22 determines that the capacitor voltage
is outside the threshold voltage range, the control unit 23
may cause the drive circuit 7 to drive the first switching
device 14 and the second switching device 15 so that
the capacitor voltage falls within the threshold voltage
range. Moreover, when the inverter 6 is in operation, and
when the determination unit 22 determines that the ca-
pacitor voltage is outside the threshold voltage range,
the control unit 23 may cause the drive circuit 7 to drive
the first switching device 14 and the second switching
device 15 so that the capacitor voltage falls within the
threshold voltage range.

(Modification Example)

[0052] Fig. 5 is a circuit diagram for illustrating a power
conversion device 1 according to a modification example
of Embodiment 1 of the present invention. Next, the pow-
er conversion device 1 according to the modification ex-
ample of Embodiment 1 is described. The modification
example is different from Embodiment 1 in that the initial
charging circuit 30 is included. As illustrated in Fig. 5, the
initial charging circuit 30 includes a diode 31, which con-
nects a point between the first switching device 14 and
the second switching device 15 and a point between the
smoothing capacitors 5 to allow an electric current to flow
from a side of the point between the first switching device
14 and the second switching device 15 to a side of the
point between the smoothing capacitors 5, and a Zener
diode 32, which prevents the electric current from flowing
from the side of the point between the first switching de-
vice 14 and the second switching device 15 to the side
of the point between the smoothing capacitors 5 until a
Zener voltage is reached.
[0053] In the modification example, the intermediate
capacitor 16 is charged not only with the operation of the
first switching device 14 and the second switching device
15, but also using the initial charging circuit 30. As a re-
sult, the intermediate capacitor 16 can be charged even
when one of the components malfunctions. Therefore,
the risk of a failure of the first switching device 14 and
the second switching device 15 due to the exceeding of
the withstand voltage can be reduced. As a result, relia-

bility is improved.

Embodiment 2

[0054] Next, a refrigeration cycle apparatus 40 accord-
ing to Embodiment 2 of the present invention is de-
scribed. Fig. 6 is a circuit diagram for illustrating the re-
frigeration cycle apparatus 40 according to Embodiment
2 of the present invention. The refrigeration cycle appa-
ratus 40 according to Embodiment 2 includes the power
conversion device 1 according to Embodiment 1. In Em-
bodiment 2, parts common to Embodiment 1 are denoted
by the same reference symbols so that a description
thereof is omitted, and differences from Embodiment 1
are mainly described.
[0055] As illustrated in Fig. 6, the refrigeration cycle
apparatus 40 is an air-conditioning apparatus, for exam-
ple, and includes the power conversion device 1 and a
refrigerant circuit 50. The refrigerant circuit 50 is formed
by annularly connecting the compressor 51, to which
electric power is to be supplied from the power conver-
sion device 1, a four-way valve 52, a first heat exchanger
53, an expansion device 54, and a second heat exchang-
er 55 with a refrigerant pipe, and refrigerant circulates
therethrough. Of those components, the power conver-
sion device 1, the compressor 51, the four-way valve 52,
the first heat exchanger 53, and the expansion device 54
are mounted inside an outdoor unit 61. Moreover, the
second heat exchanger 55 is mounted inside an indoor
unit 62.
[0056] The compressor 51 includes a compression de-
vice 51 a, which is configured to compress the refrigerant,
and the motor 9, which is configured to operate the com-
pression device 51 a. The motor 9 is connected to the
power conversion device 1, and is driven by being sup-
plied with the AC voltage, which is obtained by the con-
version in the power conversion device 1. The four-way
valve 52 is configured to change the circulation direction
of refrigerant in the refrigerant circuit 50, and allows the
refrigeration cycle apparatus 40 to perform both of a cool-
ing operation and a heating operation. The first heat ex-
changer 53 is configured to exchange heat between, for
example, outdoor air and the refrigerant. The expansion
device 54 is configured to expand and decompress the
refrigerant. The second heat exchanger 55 is configured
to exchange heat between, for example, indoor air and
the refrigerant.
[0057] Next, an operation of the refrigeration cycle ap-
paratus 40 is described. First, the cooling operation is
described. The compressor 51 sucks the refrigerant and
compresses the refrigerant to discharge the refrigerant
in a high-temperature and high-pressure gas state. The
discharged refrigerant flows into the first heat exchanger
53 through the four-way valve 52, and the first heat ex-
changer 53 condenses the refrigerant by exchanging
heat with outdoor air. The condensed refrigerant flows
into the expansion device 54, and the expansion device
54 expands and decompresses the condensed refriger-
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ant. Then, the refrigerant that has been decompressed
to be two-phase gas-liquid refrigerant flows into the sec-
ond heat exchanger 55, and the second heat exchanger
55 evaporates the refrigerant by exchanging heat with
indoor air. The indoor air is cooled at this time, and the
indoor space is cooled as a result. Then, the refrigerant
that has been evaporated to enter a low-temperature and
low-pressure gas state passes through the four-way
valve 52 to be sucked by the compressor 51.
[0058] Next, the heating operation is described. The
compressor 51 sucks the refrigerant and compresses the
refrigerant to discharge the refrigerant in a high-temper-
ature and high-pressure gas state. The discharged re-
frigerant flows into the second heat exchanger 55 through
the four-way valve 52, and the second heat exchanger
55 condenses the refrigerant by exchanging heat with
indoor air. The indoor air is heated at this time, and the
indoor space is heated as a result. The condensed re-
frigerant flows into the expansion device 54, and the ex-
pansion device 54 expands and decompresses the con-
densed refrigerant. Then, the refrigerant that has been
decompressed to be two-phase gas-liquid refrigerant
flows into the first heat exchanger 53, and the first heat
exchanger 53 evaporates the refrigerant by exchanging
heat with outdoor air. Then, the refrigerant that has been
evaporated to enter a low-temperature and low-pressure
gas state passes through the four-way valve 52 to be
sucked by the compressor 51.
[0059] In the refrigeration cycle apparatus 40 accord-
ing to Embodiment 2, the motor 9 of the compressor 51
is driven with the AC voltage supplied from the power
conversion device 1 according to Embodiment 1. There-
fore, effects similar to those of Embodiment 1 are pro-
vided.
[0060] In Fig. 6, as the refrigeration cycle apparatus
40, there is illustrated an example in which the power
conversion device 1 according to Embodiment 1 is con-
nected to the motor 9 of the compressor 51 of the air-
conditioning apparatus, but the power conversion device
1 may be connected to, for example, the motor 9 of the
refrigeration cycle apparatus 40 such as a heat pump
apparatus or a refrigerating apparatus.

Reference Signs List

[0061]

1 power conversion device 2 rectifier 3 inrush pre-
vention circuit 3a inrush preventing resistor3b relay
4 booster circuit 5 smoothing capacitor 6 inverter 7
drive circuit 8 commercial power supply 9 motor 11
reactor 12 first backflow prevention device 13 sec-
ond backflow prevention device 14 first switching
device15 second switching device 16 intermediate
capacitor 20 controller 21 detection unit 22 determi-
nation unit 23 control unit 30 initial charging circuit
31 diode 32 Zener diode 40 refrigeration cycle ap-
paratus 50 refrigerant circuit 51 compressor 51 a

compression device 52 four-way valve 53 first heat
exchanger 54 expansion device 55 second heat ex-
changer 61 outdoor unit 62 indoor unit

Claims

1. A power conversion device, comprising:

a resistance value changing circuit configured
to receive input of a DC voltage, including a re-
sistor and a relay connected in parallel to the
resistor, and in which a resistance value is
changed by an operation of the relay;
a booster circuit configured to boost the DC volt-
age output from the resistance value changing
circuit;
a smoothing capacitor configured to smooth the
DC voltage output from the booster circuit,
the booster circuit including

a reactor connected in series to the resist-
ance value changing circuit,
a first backflow prevention device and a sec-
ond backflow prevention device connecting
the reactor and one end of the smoothing
capacitor to allow an electric current to flow
from the reactor side to the smoothing ca-
pacitor side, the first backflow prevention
device and the second backflow prevention
device being connected in series to each
other,
a first switching device and a second switch-
ing device, connecting the reactor and an
other end of the smoothing capacitor, the
first switching device and the second
switching device being connected in series
to each other, and
an intermediate capacitor connecting a
point between the first backflow prevention
device and the second backflow prevention
device and a point between the first switch-
ing device and the second switching device;
and

a drive circuit configured to generate a control
power source to drive the first switching device
and the second switching device with the control
power source.

2. The power conversion device of claim 1, wherein the
intermediate capacitor is configured to
be charged via the second backflow prevention de-
vice when the second switching device is turned on,
and
be discharged via the first backflow prevention de-
vice when the first switching device is turned on.
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3. The power conversion device of claim 1 or 2, further
comprising a controller configured to control an op-
eration of the booster circuit,
wherein the controller includes

a detection unit configured to detect a capacitor
voltage charged in the intermediate capacitor,
a determination unit configured to determine
whether or not the capacitor voltage, which is
detected by the detection unit, falls within a
threshold voltage range, and
a control unit (23) configured to cause, when the
determination unit determines that the capacitor
voltage is outside the threshold voltage range,
the drive circuit to drive the first switching device
and the second switching device so that the ca-
pacitor voltage falls within the threshold voltage
range.

4. The power conversion device of claim 3, further com-
prising an inverter connected in parallel to the
smoothing capacitor to convert a DC voltage into an
AC voltage,
wherein the control unit (23) is configured to cause,
when the inverter is stopped, and when the determi-
nation unit determines that the capacitor voltage is
outside the threshold voltage range, the drive circuit
to drive the first switching device and the second
switching device so that the capacitor voltage falls
within the threshold voltage range.

5. The power conversion device of claim 3, further com-
prising an inverter connected in parallel to the
smoothing capacitor to convert the DC voltage into
an AC voltage,
wherein the control unit (23) is configured to cause,
when the inverter is in operation, and when the de-
termination unit determines that the capacitor volt-
age is outside the threshold voltage range, the drive
circuit to drive the first switching device and the sec-
ond switching device so that the capacitor voltage
falls within the threshold voltage range.

6. The power conversion device of any one of claims
1 to 5,
wherein the drive circuit is configured to generate
the control power source when a power supply is
turned on, and
wherein the intermediate capacitor is configured to
start being charged before charging of the smoothing
capacitor is completed.

7. The power conversion device of any one of claims
1 to 6, wherein the drive circuit is configured to gen-
erate the control power source with a voltage sup-
plied from the smoothing capacitor.

8. The power conversion device of any one of claims

1 to 6, wherein the drive circuit is configured to gen-
erate the control power source with a voltage sup-
plied from a commercial power supply.

9. The power conversion device of any one of claims
1 to 8, wherein the power conversion device is con-
figured so that, when a commercial power supply is
turned on, a capacitor voltage charged in the inter-
mediate capacitor becomes lower than a voltage
charged in the smoothing capacitor.

10. The power conversion device of any one of claims
1 to 9,
wherein the smoothing capacitor comprises a plu-
rality of smoothing capacitors, and
wherein the power conversion device further com-
prises an initial charging circuit including

a diode configured to allow an electric current
to flow from a side of the point between the first
switching device and the second switching de-
vice to a side of the point between the plurality
of smoothing capacitors, and
a Zener diode configured to prevent the electric
current from flowing from the side of the point
between the first switching device and the sec-
ond switching device to the side of the point be-
tween the plurality of smoothing capacitors until
a Zener voltage is reached,

the diode and the Zener diode connect a point be-
tween the first switching device and the second
switching device and a point between the plurality of
smoothing capacitors.

11. The power conversion device of any one of claims
1 to 10, further comprising:

a rectifier configured to convert an AC voltage
into a DC voltage to output the DC voltage to
the resistance value changing circuit; and
an inverter connected in parallel to the smooth-
ing capacitor to convert a DC voltage into an AC
voltage,
wherein each of the first switching device and
the second switching device is configured to
have a withstand voltage that is lower than a
withstand voltage of at least one of a semicon-
ductor device used in the rectifier or a semicon-
ductor device used in the inverter.

12. The power conversion device of any one of claims
1 to 11, wherein at least one of the first switching
device, the second switching device, the first back-
flow prevention device, or the second backflow pre-
vention device is formed of a wide-bandgap semi-
conductor.
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13. A refrigeration cycle apparatus, comprising:

the power conversion device of any one of
claims 1 to 12; and
a refrigerant circuit formed by annularly connect-
ing a compressor, to which electric power is to
be supplied from the power conversion device,
a first heat exchanger, an expansion device, and
a second heat exchanger with a refrigerant pipe.
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