ATR CONDITIONER

BACKGROUND bF‘fHE INVENTION
1. Field of the Invention
The present invention relates to an air conditioner
that can reduce power consumption of an outdoor device in a

standby state.

2. Description of the Related Art

Configurations of air conditioners for reducing the
power consumption of the outdoor device in a standby state
has been previously proposed, for example, in Japanese
Patent Application Laid-open No. 2010-243051.

In the air conditioner described in Japanese Patent
Application Laid-open No. 2010-243051, an indoor device and
an outdoor device are connected to each other with a three-
core cable that includes a power line, a common line, and a
signal line, and a commercial power source is connected to
either one of the outdoor device and the indoor device so
that power is supplied via the power line and the common
line. The indoor device includes an outdoor activation
relay that opens and closes the connection between the
power line and the signal line, and an indoor control unit
that operates the outdoor activation relay so that the

commercial power is supplied between the signal line and



the common line. The outdoor device includes a power
supply relay that opens and closes a cocnnection between the
commercial power source and an outdoor rectifier circuit,
and closes the power supply relay when commercial power is
supplied between the signal line and the common line.

With an air conditioner that operates with an external
power supply, the bus voltage inevitably drops when the
power supply is cut during energization. 1In a
configuration in which the power supply relay remains
closed when the external power supply is cut during
energization, an inrush current generated when the power
supply is restarted may cause a failure in the power supply
relay and the rectifier circuit. Therefore, it is
necessary to select a power supply relay and a rectifier
circuit element that can withstand the inrush current in a
conventional air conditioner.

Further, it is also possible that the power supply
relay is kept open when the external power supply is cut in
order to prevent the failure of the power supply relay and
the rectifier circuit element. However, with such a
control technique, self-recovery cannot be achieved even
after the power supply is restarted. To restart the
operation of the outdoor device in this case, after the
outdoor device is turned off, it is necessary to supply

commercial power between the signal line and the common



line in the indoor device in order to supply power to the
outdoor device anew. Therefore, even when there is an
instantaneous power failure that lasts for a short while,
there is still a problem in that it is necessary to
reactivate the outdoor device, thus making the stop time
longer and the operation less user friendly.

The present invention has been achieved in view of the
above problems, and an objective of the present invention
is to provide an air conditioner that can enhance the
possibility of self-recovery, reduce the time for
restarting the operation, and improve the air conditioner’s

user friendliness.

SUMMARY OF THE INVENTION

It is an objective of the present invention to at
least partially solve the problem in the conventional
technology mentioned above.

The present invention relates to an air conditioner
that includes an outdoor device and an indoor device that
are connected to each other via a three-core cable
including a power line, a power-signal common line, and a
signal line, three-phase AC power being connected to the
outdoor device via a power supply relay, and single-phase
AC power being supplied to the indoor device via the power

line and the power-signal common line, which are two



connection lines connected to the three-phase AC power
source. The indoor device includes an outdoor activation
relay that opens and closes connection between the power
line and the power-signal common line, and an indoor
control unit that operates the outdoor activation relay in
order to supply single-phase AC power between the signal
line and the power-signal common line. The outdoor device
includes an outdoor rectifier unit that is connected to the
power supply relay, a smoothing capacitor that smooths an
output of the outdoor rectifier unit, an outdoor control
unit that is operated by a voltage of the smoothing
capacitor, a power-supply switching relay to which the
signal line is connected, an inrush-current preventing-
relay drive unit that is operated when single-phase AC
power is supblied between the power-signal common line and
the signal line via the outdoor activation relay and the
power-supply switching relay, a first inrush-current
preventing relay that is connected in parallel with the
power supply relay and is controlled by the inrush-current
preventing-relay drive unit, a second inrush-current
preventing relay that is connected in parallel with the
first inrush-current preventing relay and is controlled by
the outdoor control unit. The second inrush-current
preventing relay is closed when an external power supply is

interrupted.



The above and other objects, features, advantages and
technical and industrial significance of this invention
will be better understood by reading the following detailed
description of presently preferred embodiments of the
invention, when considered in connection with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an electric
system of an air conditioner according to a first
embodiment of the present invention;

FIG. 2 is an explanatory diagram illustrating the
operation of the air conditioner according to the first
embodiment at an instantaneous power failure;

FIG. 3 is an explanatory diagram illustrating the
operation of an air conditioner according to a second
embodiment of the present invention during an instantaneous
power failure; and

FIG. 4 is a diagram illustrating an example of a
configuration of an outdoor control unit in an outdoor
device of an air conditioner according to a third

embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Exemplary embodiments of an air conditioner according



to the present invention will be explained below in detail
with reference to the accompanying drawings. The present

invention is not limited to the embodiments.

First embodiment

FIG. 1 is a block diagram illustrating an electric
system of an air conditioner according to a first
embodiment of the present invention. As illustrated in FIG.
i, the air conditioner according to the first embodiment
includes an outdoor device 1 and an indoor device 2. The
connection state before activation of the outdoor device 1
is specifically illustrated in FIG. 1. Note that in the
following descriptions, "“physical connection™ and

"electrical connection" are not distinguished from each

other and are simply referrecd to as "connection".

<General configuration of air conditioner>

First, a general configuration of the air conditioner
is described with reference to FIG. 1. The air conditioner
includes the outdoor device 1 and the indocor device 2. The
cutdoor device 1 and the indoor device 2 are connected to
each other via a three-core cable that includes a power
line 24, a power-signal comnon line 25, and a signal line
26. A three-phase AC power source 3 is connected to the

cutdoor device 1, and from two lines thereof, single-phase




AC power 1is supplied to the indoor device 2 via the power
line 24 and the power-signal common line 25. The indoor
device 2 includes an outdoor activation relay 8 that opens
and closes connections between the power line 24 and the
power-signal common line 25, and an indoor control unit 4
that operates the outdoor activation relay 8 so that the
single-phase AC power is supplied between the signal line
26 and the power-signal common line 25. The outdoor device
1 includes a power supply relay 12 that opens and closes
connections between the three-phase AC power source 3 and
the outdoor device 1, the connections being connected to
the three-phase AC power source 3; an outdoor rectifier
unit 9 connected to the power supply relay 12; a smoothing
capacitor 14 that smooths the output of the outdoor
rectifier unit 9; an outdoor-communication circuit unit 19
that communicates with the indoor device 2 via the power-
signal common line 25 and the signal line 26; a power-
supply switching relay 20 to which the signal line 26 is
connected; an inrush-current preventing-relay drive unit 21
that is operated when single-phase AC power is supplied
between the signal line 26 and the power-signal common line
25 via the outdoor activation relay 8 and when single-phase
AC power is supplied via the outdoor activation relay 8 and
the power-supply switching relay 20; a first inrush-current

preventing relay 10 that is connected in parallel with the



power supply relay 12 and is controlled by the inrush-
current preventing-relay drive unit 21; and a second
inrush-current preventing relay 13 that is connected in
parallel with the first inrush-current preventing relay 10

and is controlled by an outdoor control unit 16.

<Detailed configuration of air conditioner>

Next, a more detailed configuration of the air
conditioner is given. The outdoor device 1 includes an
outdoor terminal base 23 having an R-terminal 27, an S-
terminal 28, a T-terminal 29, an outdoor S1 terminal 30, an
outdoor S2 terminal 31, and an outdoor S3 terminal 32. The
R-terminal 27, the S-terminal 28, and the T-terminal 29 are
connected to the three-phase AC power souxrce 3 so that
electric power from the three-phase AC power source 3 is
supplied to the outdoor device 1. Within the outdoor
device 1, the outdoor Sl terminal 30 and the R-terminal 27
are connected to each other and the outdoor S2 terminal 31
and the S-terminal 28 are connected to each other so that
single-phase AC power is supplied. Note that the electric
power supplied to the outdoor S1 terminal 30 and the
outdoor S2 terminal 31 is not limited to the single-phase
electric power between the R-terminal 27 and the S-terminal
28, but single-phase electric power from any two phases in

the three-phase AC power source 3 can be used.



The indoor device 2 includes an indoor terminal base
22 that has an indoor S1 terminal 33, an indoor S2 terminal
34, and an indoor S3 terminal 35. The indoor S1 terminal
33 is connected to the outdcor S1 terminal 30 via the power
line 24; the indoor S2 terminal 34 is connected to the
outdoor S2 terminal 31 via the power-signal common line 25;
and the indoor S3 terminal 35 is connected to the outdoor
S3 terminal 32 via the signal line 26.

The indoor device 2 inciudes the indoor control unit 4,
an indoor rectifier unit 5, an indoor-communication circuit
unit 6, an indoor-operation switching unit 7, the outdoor
activation relay 8, and a reception unit 36. The outdoor
activation relay 8 has an a-terminal, a b-terminal, and a
c-terminal. The a-terminal is connected tc the indoor S1
terminal 33, the b-terminal is connected to the indoor-
communication c¢ircuit unit 6, and the c-terminal is
connected to the indoor S3 terminal 35. The c-terminal,
which is one contact of the outdoor activation relay 8, is
always connected to the indoor S3 terminal 35; and the
other contact is connected to either one of the a-terminal
and the b-terminal. The outdoor activation relay 8 is able
to switch so that the indoor $3 terminal 35 and the indoor
S1 terminal 33 are connected or the indoor S3 terminal 35
and the indoor-communication circuit unit 6 are connected.

The indoor control unit 4 operates the outdoor



activation relay 8. When the indoor control unit 4 does
not operate the outdoor activation relay 8, i.e., when the
outdoor device 1 is not energized, the indoor S3 terminal
35 and the indoor-communication circuit unit 6 are
connected to each other via the outdoor activation relay 8;
the power-signal common line 25 and the signal line 26 are
connected to the outdoor device 1; and a communication line
between the outdoor device 1 and the indoor device 2 is
established and various types of driving signals are
transmitted and received.

In contrast, when the outdoor activation relay 8 is
operated, i.e., the outdoor device 1 is energized, the
indoor S3 terminal 35 and the indoor S1 terminal 33 are
connected to each other; and single-phase AC power is
supplied between the power-signal common line 25 and the
signal line 26.

The indoor S1 terminal 33 is connected to the indoor
rectifier unit 5, and the indoor S$2 terminal 34 is
connected to the indoor rectifier unit 5 and the indoor-
communication circuit unit 6. The single-phase AC voltage
applied between the power line 24 and the power-signal
common line 25 is converted into a DC voltage in the indooxr
rectifier unit 5, and electric power is supplied to the
indoor control unit 4.

The indoor-operation switching unit 7 connected to the

10



indoor control unit 4 determines whether to reduce the
standby electric power while on standby. In the example of
FIG. 1, whether to reduce the standby electric power is set
up by using a jumper cable. The standby electric power
while on standby is reduced in a case where a jumper cable
is connected between a cl-terminal and a c¢2-terminal of the
indoor-operation switching unit 7, whereas the standby
electric power while on standby is not reduced in a case
where the jumper cable is connected between the c2-terminal
and a c¢3~terminal. The switching method of whether to
reduce the standby electric power is not limited to the
method using the jumper cable but may be achieved by using
a switch.

The reception unit 36 is connected to a remote
controller 37 and the indoor control unit 4. The reception
unit 36 receives a driving command from the remote
controller 37 and transmits the received command to the
indoor control unit 4.

The outdoor device 1 includes the outdoor rectifier
unit 9, the first inrush-current preventing relay 10, an
inrush-current preventing resistor 11, the power supply
relay 12, the second inrush-current preventing relay 13,
the smoothing capacitor 14, an inverter circuit unit 15,
the outdoor control unit 16, and an outdoor-operation

switching unit 17. The power supply relay 12 is a two-
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contact relay in FIG. 1, but it may be configured from two
one-contact relays.

One end of the first inrush-current preventing relay
10, one end of the second inrush-current preventing relay
13, and a terminal at one end (the a-terminal) of the power
supply relay 12 are connected to the R-terminal 27. The
other ends of the first inrush-current preventing relay 10
and the second inrush-current preventing relay 13 are
connected to one end of the inrush-current preventing
resistor 11. The other end of the inrush-current
preventing resistor 11 is connected to a terminal at the
other end (the b-terminal) of the power supply relay 12 and
the outdoor rectifier unit 9. Further, both ends of the
first inrush-current preventing relay 10 and those of the
second inrush-current preventing relay 13 are connected to
the outdoor-operation switching unit 17.

A terminal at the one end (the c-terminal) of the
power supply relay 12 is connected to the S-terminal 28,
and a terminal at the other end (a d-terminal) of the powexr
supply relay 12 is connected to the outdoor rectifier unit
9. The T-terminal 29 is connected to the outdoor rectifier
unit 9.

Although the terminals at the one end (the a-terminal
and the b-terminal) of the power supply relay 12 are

respectively connected to the R-terminal 27 and the S-
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terminal 28 in FIG. 1, they may be connected to any two of
the R-terminal 27, the S-terminal 28, and the T-terminal 29.
Also, one end and the other end of a circuit portion in
which the inrush-current preventing resistor 11 is
connected in series to a parallel circuit of the first
inrush-current preventing relay 10 and the second inrush-
current preventing relay 13 are respectively connected to
the a-terminal and the b-terminal in FIG. 1. However, they
may be connected to the c~terminal and the d-terminal,
respectively. That i1s, it is sufficient that the one end
and the other end of the circuit portion are connected to
an input and an output of any one contact in the power
supply relay 12.

The outdoor rectifier unit 9 rectifies an AC voltage
of the three-phase AC power source 3 and converts it into
an arbitrary DC voltage. The power supply relay 12 and the
second inrush-current preventing relay 13 are operated by
the outdoor control unit 16, which open the contacts
thereof when they not being operated, as illustrated in FIG.
1.

The outdoor-operation switching unit 17 is connected
to both ends of the first inrush-current preventing relay
10 and is also connected to the outdoor control unit 16.
The outdoor-operation switching unit 17 determines whether

to reduce the standby electric power while on standby. In

13



the example of FIG. 1, whether to reduce the standby
electric power is set up by using a jumper cable. The
standby electric power while on standby is reduced in a
case where the jumper cable is connected between an al-
terminal and an aZ-terminal of the outdoor-operation
switching unit 17. 1In contrast, in a case where the Jjumper
cable is connected between a bl-terminal and a b2-terminal,
a current path is formed by the bl-terminal and the b2-
terminal that bypasses the first inrush-current preventing
relay 10, and therefore the standby electric power while on
standby is not reduced. Information as to whether to
reduce the standby electric power while on standby is
transmitted from the outdoor-operation switching unit 17 to
the outdoor control unit 16.

Both ends of the smoothing capacitor 14 are connected
to the outdoor rectifier unit 9. The smoothing capacitor
14 smooths the output from the outdoor rectifier unit 9 and
applies a DC voltage to the inverter circuit unit 15 and
the outdoor control unit 16 that are connected thereto.

The outdoor device 1 further includes the power-supply
switching relay 20, a communication-circuit power source
unit 18, the inrush-current preventing-relay drive unit 21,
and the outdoor-communication circuit unit 19. The power-
supply switching relay 20 has an a-terminal, a b-terminal,

and a c-terminal. The a-terminal is connected to the
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communication-circuit power source unit 18, the b-terminal
is connected to the inrush-current preventing-relay drive
unit 21, and the c¢~terminal is conncctea o the outdoor 352
terminal 31. The c-terxminal is one contact of the power-
supply switching relay 20 and is always connected o the
outdoor S$2 terminal 31, while the cthex contact thereof is
connected to either one of the a-terminal and the b-
terminal. With the power-supply switching relay 20, it is
possiblie to switch between connecting the outdoor 52
terminal 21 to the inrush-current preventing-relay drive
unit 21 and connecting the outdoor $S2 terminal 31 to the
communication-circuit power source unit 18.

The operations of the power-supply switching relay 20
is controlled by the outdoor control unit 16. When the
power-supply switching relay 20 is not operated, the b-
terminal and the c-terminal in the contacts are connected
to each other; thereby, the outdoor S2 terminal 31 is
connected to the inrush-current preventing-relay drive unit
21 via the power-supply switching relay 20. With this
connection, when single-phase AC power is supplied between
the power-signal common line 25 and the signal line 26 by
the indoor device 2, the inrush-current preventing-relay
drive unit 21 is energized, and the first inrush-current
preventing relay 10 closes its contact.

When the power-supply switching relay 20 is operated,

15




the a-terminal and the c-terminal in the contacts are
connected to each other; thereby, the outdoor S2 terminal
31 is connected to the communication-circuit power source
unit 18 via the power-supply switching relay 20. Thus, the
communication-circuit power source unit 18, to which the
single-phase AC voltage between the power line 24 and the
power-signal common line 25 is applied, generates a DC
voltage and supplies power to the outdoor-communication
circuit unit 19. The generation of the DC voltage can be
achieved by a half-wave rectifier circuit, but is not
limited thereto.

The inverter circuit unit 15 is controlled by the
outdoor control unit 16 in order to convert the DC voltage
supplied thereto into an AC voltage having arbitrary
frequency and arbitrary voltage. A load (not illustrated)
is connected to the inverter circuit unit 15. 1In a case of
an air conditioner, a motor is connected to the inverter

circuit unit 15 and it drives a compressor.

<Operations while on standby>

Next, operations of the air conditioner while on
standby are described with reference to FIG. 1. First,
electric power from the three-phase AC power source 3 is
input to the outdoor device 1 via the R-terminal 27, the S-

terminal 28, and the T-terminal 29. Here, the contacts are
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opened in the first inrush-current preventing relay 10, the
second inrush-current preventing relay 13, and the power
supply relay 12 while on standby. Therefore, electric
power is not supplied to the invertexr circuit unit 15, the
outdoor-operation switching unit 17, and the outdoor
control unit 16 that are the loads in the outdoor device.

Although the communication-circuit power source unit
18 is connected to the power line 24 at its one end via the
outdoor S1 terminal 30, its other end is disconnected from
the outdoor S2 terminal 31 by the power-supply switching
relay 20, and therefore electric power is not supplied
thereto. Accordingly, electric power is also not supplied
to the outdoor-communication circuit unit 19 for the same
reason. In addition, although the inrush-current
preventing-relay drive unit 21 is connected to the power-
signal common line 25 at its one end via the outdoor S2
terminal 31, its other end is connected to the signal line
26 via the outdoor S3 terminal 32, and therefore the
electric power is not supplied to the inrush-current
preventing-relay drive unit 21.

With the operation described above, standby electric

power in the outdoor device 1 is reduced while on standby.

<Operations until start of driving operation>

Next, operations until the air conditioner starts a

17



driving operation are described. When electric power from
the three-phase AC power source 3 is input via the power
line 24 and the power-signal common line 25, the power is
supplied to the indoor control unit 4 in the indoor device
2, and the indoor device 2 is activated. After the
activation, the setting-up of the indoor-operation
switching unit 7 is checked. In the example of FIG. 1,
because the jumper cable is connected between the cl-
terminal and the c2-terminal, the air conditioner is
recognized as an air conditioner with the electric power
reduced while on standby. The indoor control unit 4 shifts
to a state of waiting for a driving command from the remote
controller 37 via the reception unit 36.

Upon reception of a driving command signal from the
remote controller 37, the indoor control unit 4 turns on
the outdoor activation relay 8, disconnects the indoor S3
terminal 35 from the indoor-communication circuit unit 6,
and switches the connection so that it is between the
indoor S3 terminal 35 and the indoor S1 terminal 33. With
this control operation, a single-phase AC voltage is
applied between the outdoor S2 terminal 31 and the outdoor
S3 terminal 32.

When electric power is supplied between the outdobr S2
terminal 31 and the outdoor S3 terminal 32, the inrush-

current preventing-relay drive unit 21 is energized via the
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power-supply switching relay 20, and the first inrush-
current preventing relay 10 is turned on so that its
contact is closed. When the first inrush-current
preventing relay 10 is closed, the AC voltage from the
three-phase AC power source 3 is converted into a DC
voltage by the outdoor rectifier unit 9; and the converted
DC voltage is applied to the smoothing capacitor 14 and the
inverter circuit unit 15.

Because a power-supply path passing through the first
inrush~current preventing relay 10 includes the inrush-
current. preventing resistor 11 therein, a short circuit can
be prevented. The application of the DC voltage activates
the outdoor control unit 16. The outdoor control unit 16
turns on the second inrush-current preventing relay 13,
thereby closing the contact thereof. The outdoor control
unit 16 monitors the voltage charge in the smoothing
capacitor 14, and after confirming that the voltage has
become stable at a set voltage, it turns on the power
supply relay 12 in order to close the contacts of the power
supply relay 12. The outdoor control unit 16 then turns
off the second inrush-current preventing relay 13, thereby
opening the contact in the second inrush-current preventing
relay 13.

After an arbitrary set time has elapsed after the

outdoor activation relay 8 is turned on, the indoor control
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unit 4 turns off the outdoor activation relay 8, thereby
disconnecting the indocr S3 terminal 35 from the indoor Sl
terminal 33, and switches the connection so that it is
between the indoor S3 terminal 35 and the indoor-
communication circuit unit 6. With this control operation,
the single-phase AC voltage applied between the outdoor S2
terminal 31 and the ocutdoor 83 terminal 32 is cut, and the
inrush-current preventing-relay drive unit 21 enters a non-
energized state. Thus, the first inrush-current preventing
relay 10 is turned off and opens its contacts. With this
operation, a short circuit during an activation operation
of the outdoor-device can be prevented.

When the inrush-current preventing-relay drive unit 21
enters a non-energized state, the outdoor control unit 16
turns on the power-supply switching relay 20 so that the
connection between the outdoor S2 terminal 31 and the
inrush-current preventing-reiay drive unit 21 is opened and
switches the connection so that it is between the outdoor
S2 terminal 31 and the communication-circuit power source
unit 18. With this control operation, the single-phase AC
voltage between the outdoor $S1 terminal 29 and the outdoor
S2 terminal 30 is applied to the communication-circuit
power source unit 18. The communication-circuit power
source unit 18 converts the single-phase AC voltage into an

arbitrary DC voltage and applies the converted DC voltage
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to the outdoor-communication circuit unit 19.

Note that the outdoor activation relay 8 is turned off
by the indcor control unit 4 and thereafter the first
inrush-current preventing relay 10 is turned off in the
procedure in the above descriptions; however, the order of
this operation may be inverted such that the power-supply
switching relay 20 is turned on first. In a case where the
power-supply switching relay 20 is turned on first, the
inrush-current preventing-relay drive unit 21 enters a non-
energized state and the first inrush-current preventing
relay 10 is turned off. Therefore, the outdoor device 1
can be activated even in the inverted order.

The outdoor control unit 16 activates the outdoor-
communication circuit unit 19, thereby starting
communication with the indoor device 2. The outdoor-
communication circuit unit 19 starts communication with the
indoor-communication circuit unit 6 via the power-signal
common line 25 and the signal line 26. The outdoor control
unit 16 determines whether communication between the
outdoor-communication circuit unit 19 and the indoox-
communication circuit unit 6 has been established. When
communication has been established, routine communication
between the indoor device 2 and the outdoor device 1 is
performed. 1In response to a driving command from the

indoor device 2, the outdoor control unit 16 starts a
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heating operation or & cooling operaticn. When
communication has not been established, then an attempt to
establish communication is performed again. The
determination is repeated to establish whether there is

cemmunicazion for a predetermined rnumber of times or for a
predetermined period of time. 1In a case where the
commurication cannot be cstablished, it is determined that
an abnormality in the communication has occurred. When the
communication has been established, the routine

cormunication starts between the indoor device 2 and the

outdoor device 1.

<QOperations at instantaneous power failure>

Next, operations are described, with reference to FIGS.
1 and 2, when the external power supply from the three-
phase AC power source 3 1s interrupted during energization
of the outdoor device for a short time because of an
instantaneous power failure or the like (hereinafter
collectively referred to as "instantaneous power failure").
FIG. 2 1s an explanatory diagram illustrating the operaticn
of the ailr conditioner according to the first embodiment at
an instantaneous power failure. In its left portion, FIG.
2 illustrates a sequence operation of the power supply
relay 12, and in its right portion, FIG.2 illustrates a

sequence operation of the second inrush-current preventing
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relay 13, in relation to a bus voltage. The "bus voltage"
herein is the voltage cf a connection line (also referred
to as "DC bus") connecting the outdoor rectifier unit 9 and
the inverter circuit unit 15 to each other, which matches
the voltage of the smoothing capacitor 14 in the example of
FIG. 1. Descriptions are made below with the "voltage of
the smoothing capacitor 14" referred to as the "bus
voltage”.

The bus voltage is monitored by the outdoor control
unit 16, as described above. When the power supply is
interrupted, the bus voltage drops because a certain amount
of load is connected to the circuit. As the load becomes
larger, the speed of the bus voltage drop becomes faster.
Because the contacts of the power supply relay 12 are
closed during energization of the outdoor device, the bus
voltage is instantaneously raised and recovered to a
voltage that is obtained by smoothing the power-source
voltage and is restored when the power supply is
immediately recovered. Conversely, when the power supply
is not recovered, the bus voltage continues to drop.

Thus, in the first embodiment, when the bus voltage
drops below a first threshold voltage {(Vthl), the power
supply relay 12 is turned off so that the contacts of the
power supply relay 12 are opened; and then the second

inrush-current preventing relay 13 is turned on so that the
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contact of the second inrush-current preventing relay 13 is
closed, as illustrated in FIG. 2. Because the above
operation is a sequence operation, the bus voltage when the
contact of the second inrush-current preventing relay 13 is
closed may be a voltage (Vthl’: Vthl’< Vthl) lower than the
first threshold voltage Vthl.

Even when the bus voltage drops below the first
threshold voltage (Vthl) and further continues to drop, the
outdoor control unit 16 keeps the second inrush-current
preventing relay 13 ON-operated, as long as the bus voltage
is at a level at which the outdoor control unit 16 can
operate. When the power is recovered to a voltage at which
the outdoor control unit 16 can operate, the voltage of the
smoothing capacitor 14 can be recovered along a path
passing through the second inrush-current preventing relay
13 and the inrush-current preventing resistor 11. Further,
because the path passes through the inrush-current
preventing resistor 11, it is possible to limit the inrush
current value so as to be able to prevent a failure of a
circuit in a later stage of, for example, the outdoor
rectifier unit 9 caused by an excessively large inrush
current.

When the bus voltage is recovered to the voltage
obtained by smoothing the power-source voltage (hereinafter,

the voltage is referred to as "stable voltage", and denoted
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as "Vpp"), the outdoor control unit 16 confirms that the
bus voltage has become stable (this voltage is called the
stable voltage (Vpp)):; then turns on the power supply relay
12 in order to close the contacts of the power supply relay
12; and subsequently turns off the second inrush-current
preventing relay 13 so that the contact of the second
inrush-current preventing relay 13 is opened. As long as
the power supply from the three-phase AC power source 3
continues, a charging current to the smoothing capacitor 14
is supplied via the power supply relay 12, but it does not
flow through the second inrush-current preventing relay 13.
With the control operation described above, it is possible
to reduce unnecessary power in the air conditioner.

In a case where the power supply from the three-phase
AC power source 3 is interrupted and the bus voltage drops
to a level at which the outdoor control unit 16 cannot
operate, the outdoor control unit 16 cannot turn on the
second inrush-current preventing relay 13, and therefore
the contact of the second inrush-current preventing relay
13 is opened. Thus, even when the power supply is
recovered, the outdoor device cannot be activated by itself.
In this case, as a general procedure, a single-phase AC
voltage is applied between the outdoor S2 terminal 31 and
the outdoor S3 terminal 32 by the indoor device 2, thereby

activating the outdoor device 1.
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As described above, according to the air conditiocner
according to the first embodiment, the second inrush-
current preventing relay 13 is provided, which is connected
in parallel to the first inrush-current preventing relay 10
and is controlled by the outdoor control unit 16, so that
the second inrush-current preventing relay 13 is closed
when the external power supply is interrupted. Therefore,
it is possible to enhance the possibility of self-recovery,
to reduce the time for restarting the operation, and to
improve user friendliness.

Further, according to the air conditioner of the first
embodiment, the outdoor device 1 is provided with the
second inrush-current preventing relay 13, which can
control itself and therefore can prepare for power recovery
by itself, even when the external power supply is
interrupted because of an instantaneous power failure.
Thus, it is not necessary to make the indoor device 2
activate the recovery of the outdoor device 1 at the
recovery of power; and the time for the recovery is
shortened. The time for the recovery is short so that user
friendliness is not adversely affected.

In addition, the air conditioner according to the
first embodiment can also advantageocusly limit the inrush
current value so that it is unnecessary to select elements

for the downstream circuits with high resistance to failure
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due to an excessively large inrush current.
Here, the control operation of the second inrush-
current preventing relay 13 can be replaced with a first

modification described below.

<Modification of control operation - first modification>

In the first embodiment described above, when the bus
voltage drops below the first threshold voltage (Vthl), in
addition to the contacts of the power supply relay 12 being
opened, the contact of the second inrush-current preventing
relay 13 is closed. When the bus voltage is recovered to
the stable voltage, in addition to the contacts of the
power supply relay 12 being closed, the contact of the
second inrush-current preventing relay 13 is opened.
However, as long as the outdoor control unit 16 is operable,
the contact of the second inrush-current preventing relay
13 may be continuously controlled such that it is closed.
With this control operation, the control operation for
turning off the second inrush-current preventing relay 13
is not required, and therefore there is an advantage in
that the control operation can be simplified.

Furthermore, a case where three-phase power is
supplied by the three-phase AC power source 3 is described
as an example in the first embodiment. However, single-

phase power may be supplied by a single-phase power source.
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In this case, a configuration, in which the power supply
relay 12 cuts electric connection for one of two phases,
may be adopted, and the same effects can be also obtained

even when the single-phase power source is used.

Second embodiment

The air conditioner according to the first embodiment
is configured to reduce the standby electric power of the
outdoor device 1 while on standby. More specifically, the
alr conditioner according to the first embodiment includes
the second inrush-current preventing relay 13 for causing
the outdoor device 1 to perform self-recovery when the
external power supply is interrupted because of an
instantaneous power failure and the voltage of the
smoothing capacitor 14, which is the bus voltage, drops.
Conversely, in an air conditioner according to a second
embodiment of the present invention, the operations of the
second inrush-current preventing relay 13 and the power
supply relay 12, which have the same configurations as
those in the first embodiment, are changed.

Next, operations of the air conditioner according to
the second embodiment are described with reference to FIGS.
1 and 3. FIG. 3 is an explanatory diagram illustrating the
operation of the air conditioner according to the second

embodiment at an instantaneous power failure, and an
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operation when the power supply from the three-phase AC
power source 3 is interrupted for a short time because of
an instantaneous power failure during energization of the
outdoor device is illustrated.

In FIG. 3, when the bus voltage drops because of an
instantaneous power failure, the bus voltage continues to
drop unless the power is recovered. In the second
embodiment, a second threshold voltage (Vth2) which is a
higher voltage value than the first threshold voltage
(Vthl) is set, as illustrated in FIG. 3. Therefore, when
the bus voltage drops, a determining process comparing bus
voltage with the second threshold voltage (Vth2) is
performed first, and the outdoor control unit 16 turns on
the second inrush-current preventing relay 13 to close the
contact of the second inrush-current preventing relay 13.

When the voltage continues to drop thereafter, the bus
voltage further drops and a determining process comparing
the bus voltage with the first threshold voltage (Vthl) is
performed. When the bus voltage becomes lower than the
first threshold voltage (Vthl), the outdoor control unit 16
turns off the power supply relay 12 to open the contacts of
the power supply relay 12. 1In this case, the first
threshold voltage (Vthl) is set to a value at or below
which a circuit in a later stage may be damaged when an

inrush current flows. In other words, it is much less
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likely that the circuit in the later stage is damaged if
the contacts of the power supply relay 12 are opened at or
below the first threshold voltage (Vthl).

In a case where the bus voltage, when the power is
recovered, is higher than the operation voltage (Vthl’)
illustrated in FIG. 2 and is lower than the first threshold
voltage (Vthl), the recovery, when the power is recovered,
can be achieved more quickly because the contact in the
second inrush-current preventing relay 13 is closed (in the
case of FIG. 2, the contact in the second inrush-current
preventing relay 13 is not closed in this voltage range).
The operations of the power supply relay 12 and the second
inrush-current preventing relay 13 after the bus voltage is
recovered to the stable voltage (Vpp) after the power
recovery are the same as those in the first embodiment.

In a case where the bus voltage when the power is
recovered is higher than the first threshold voltage {(Vthl)
and is lower than the second threshold voltage (Vth2),
because a path is present that passes through the power
supply relay 12 that remains closed, the current generated
when the power is recovered and flowing through the power
supply relay 12 charges the smoothing capacitor 14. 1In a
case where the power is recovered while the bus voltage is
lower than the operation voltage (Vthl’) illustrated in FIG.

2, operations identical to those in the first embodiment
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are performed.

As described above, according to the air conditioner
of the second embodiment, the second threshold voltage, as
a determining threshold for closing the second inrush-
current preventing relay 13 for preparing for the power
recovery when the bus voltage drops, is set higher than the
first threshold voltage as a determining threshold for
opening the power supply relay 12. Therefore, quick
recovery can be achieved when the power is recovered.

Although a case where three-phase power is supplied by
the three-phase AC power source 3 is described as an
example in the second embodiment, single-phase power may be
supplied by a single-phase power source. In this case, a
configuration in which the power supply relay 12 cuts the
electric connection for one of two phases may be applied,
and the same effects can be also obtained even when the

single-phase power source is used.

Third embodiment

The air conditioners according to the first and second
embodiments execute control while monitoring the bus
voltage and, when the bus voltage becomes lower than the
threshold voltage, operate the power supply relay 12 and
the second inrush-current preventing relay 13. Meanwhile,

in an air conditioner according to the third embodiment of
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the present invention, the power-supply frequency is
monitored and, when the power-supply frequency is unable to
be detected, it is determined that the power supply is
interrupted and a relay operation identical to that of the
first or second embodiment is performed.

FIG. 4 is a diagram illustrating an example of a

configuration of an outdoor control unit in an outdoor
device of the air conditioner according to the third
embodiment. The outdoor control unit 16 according to the
third embodiment includes a power-supply-frequency
detection unit 1l6a for detecting the power-supply frequency,
as illustrated in FIG. 4. The power-source voltage is
input to the power-supply-frequency detection unit 16a.
The power-supply-frequency detection unit 16a detects the
power-supply frequency from the waveform of the power-
source voltage. When power is supplied, a frequency of 50
Hertz or 60 Hertz can be detected. When no power is
supplied, the power-supply frequency cannot be detected and
the detection result is 0 Hertz. The power-supply-
frequency detection unit 16a outputs a control signal
corresponding to the detection result of the power-supply
frequency to the power supply relay 12 and the second
inrush-current preventing relay 13.

When the power-supply frequency cannot be detected,

the power-supply-frequency detection unit 16a turns off the
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power supply relay 12 so that the contacts of the power
supply relay 12 open and then turns on the second inrush-
current preventing relay 13 so that the contact of the
second inrush-current preventing relay 13 is closed.

In a case where the circuit load is large, as is the
case when the inverter circuit unit 15 is in operation, the
voltage of the smoothing capacitor 14 drops quickly, and
relay control according to the threshold voltage is
executed more quickly than a case where the power—-supply
frequency is not detected. Conversely, in a case where the
circuit load is small, as 1is the case when the inverter
circuit unit 15 is not in operation, the voltage of the
smoothing capacitor 14 drops slowly. Therefore, the
detection of the presence of the power-supply freguency may
enable control operations to be performed more quickly when
compared with relay control that makes a comparison with
the threshold voltage.

In such a case, it is possible to open the power
supply relay 12 at a higher voltage than the first
threshold vecltage (Vthl) and close the second inrush-
current preventing relay 13 at a higher voltage than the
operation voltage (Vthl’) and the second threshold voltage
(Vvth2). The first threshold voltage (Vthl) is set at such
a voltage level that an inrush current flowing through the

power supply relay 12 is not allowed to pass when the
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contacts are cioscd at or below the first threshold voltage.
Because the relay control can be executed at a higher
voltage than the first threshold voltage (Vithl) as a
preparation for the power recovery, an unnecessary inrush
current does not flow through the power supply relay 12,

and protection of a circuit at a later stage, for example,
the outdoor rectifier unit 9, can be enhanced. Note that
single-phase power can be supplied by a single-pnase power
sotrce, which is similar to the first and second
empodiments.

As described above, according to the air conditioner
of the third embodiment, when the power-supply frequency
cannot be detected, the power supply relay 12 is opened and
the second inrush-current preventing relay 13 is closed.
Therefore, an unnecessary inrush current does not flow
through the power supply re’lay 12; and protection of a
circult at & later stage, for example, the outdoor
rectifier unit 9, can be enhanced.

Here, the control operation of the second inrush-
current preventing relay 13 may be changed as in a second

modification described below.

<Modification of control - second modification>
In the third embodiment described above, when the

vower-supply frequency cannot be detected, the power supply
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relay 12 is opened and the second inrush-current preventing
relay 13 is closed. However, as long as the outdoor
control unit 16 is operable, the second inrush-current
preventing relay 13 may be continuously controlled so that
the contact therein is closed. With this control operation,
the control operation for turning off the second inrush-
current preventing relay 13 is not required, and the
control operation can be simplified.

Further, throughout the first to third embodiments,
the control operation of the second inrush-current
preventing relay 13 can be changed to a third modification

described below.

<Modification of control - third modification>

In the first to third embodiments and first and second
modifications described above, the contact of the second
inrush-current preventing relay 13 is closed after
activation of the outdoor device 1, and it is opened when
the charged voltage of the smoothing capacitor 14 becomes
stable. However, the contact of the second inrush-current
preventing relay 13 may be continuously controlled such
that it is closed irrespective of whether the charged
voltage of the smoothing capacitor 14 becomes stable. By
using this control operation, after activation of the

outdoor device 1, the control operation for turning off the
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second inrush-current preventing relay 13 is not reguired,
and the control operation can be simplified.

According to the present invention, it is possible to
enhance the possibility of self-recovery, to reduce the
time for restarting an operation, and to improve the user
friendliness of an air conditioner.

Although the invention has been described with respect
to specific embodiments for a complete and clear disclosure,
the appended claims are not to be thus limited but are to
be construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that

fairly fall within the basic teaching herein set forth.
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CLAIMS
1. An air conditioner comprising an outdoor device and an
indoor device that are connected to each other via a three-
core cable including a power line, a power-signal common
line, and a signal line,

three-phase AC power being connected to the
outdoor device via a power supply relay, and

single-phase AC power being supplied to the
indoor device via the power line and the power-signal
common line, which are two connecticn lines connected to
the three-phase AC power source, wherein

the indoor device includes

an outdoor activation relay that opens and closes
connection between the power line and the power-signal
common line, and

an indoor control unit that operates the outdoor
activation relay in order to supply single-phase AC power
between the signal line and the power-signal common line,

the outdoor device includes

an outdoor rectifier unit that is connected to
the power supply relay,

a smoothing capacitor that smooths an output of
the outdcor rectifier unit,

an outdoor control unit that is operated by a

voltage of the smoothing capacitor,
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a power-supply switching relay to which the
signal line 1is connected,

an inrush-current preventing-relay drive unit
that is operated when single-phase AC power is supplied
between the power-signal common line and the signal line
via the outdoor activation relay and the power-supply
switching relay,

a first inrush-current preventing relay that is
connected in parallel with the power supply relay and is
controlled by the inrush-current preventing-relay drive
unit,

a second inrush-current preventing relay that is
connected in parallel with the first inrush-current
preventing relay and is controlled by the outdoor control
unit, and wherein

the second inrush-current preventing relay is closed

when an external power supply is interrupted.

2. The ailr conditioner according to claim 1, wherein
a first threshold voltage is set in the outdoor device,
and
the outdoor control unit, when the external power
supply is interrupted and the voltage of the smoothing

capacitor becomes lower than the first threshold voltage,
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opens the power supply relay and thereafter closes the

second inrush-current preventing relay.

3. The air conditioner according to claim 1, wherein

a first threshold voltage and a second threshold
voltage that has a value larger than that of the first
threshold voltage are set in the outdoor device, and

the outdoor control unit, when the external power
supply is interrupted and the voltage of the smoothing
capacitor becomes lower than the second threshold voltage,
closes the second inrush-current preventing relay and, when
the voltage of the smoothing capacitor further drops to be
lower than the first threshold voltage, opens the power

supply relay.

4. The air conditioner according to any one of claims 1
to 3, wherein

when the external power supply is recovered and after
the voltage of the smoothing capacitor is recovered and
becomes stable, the power supply relay is closed and the

second inrush-current preventing relay is opened.

5. The air conditioner according to claim 1, wherein
a first threshold voltage is set in the outdoor

device, and
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the outdoor control unit, when the external power
supply is interrupted and the voltage of the smoothing
capacitor becomes lower than the first threshold voltage,
keeps the second inrush-current preventing relay closed and

opens the power supply relay.

6. The air conditioner according to claim 1, wherein
when the external power supply is interrupted and a
power-supply frequency of the three-phase AC power source
becomes undetectable, the outdoor control unit opens the
power supply relay and closes the second inrush-current

preventing relay.

7. The alr conditioner according to claim 1, wherein
when the external power supply is interrupted and a
power-supply frequency of the three-~phase AC power source
is undetectable, the outdoor control unit keeps the second
inrush-current preventing relay closed and opens the power

supply relay.

8. The air conditioner according to claim 1, wherein
the outdoor control unit keeps the second inrush-
current préeventing relay closed irrespective of whether the

voltage of the smoothing capacitor is stable.
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