EP 3 680 566 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3 680 566 A1

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

(43) Date of publication:
15.07.2020 Bulletin 2020/29

(21) Application number: 17924638.4

(22) Date of filing: 08.09.2017

(51) IntCl.:
F24F 11/30 (2018.0%)

(86) International application number:
PCT/JP2017/032562

(87) International publication number:
WO 2019/049330 (14.03.2019 Gazette 2019/11)

(84) Designated Contracting States:

ALATBEBG CH CY CZDE DKEE ES FIFR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

Designated Validation States:
MA MD

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

(72) Inventor: SAWADA, Kazushige
Tokyo 100-8310 (JP)

(74) Representative: Pfenning, Meinig & Partner mbB
Patent- und Rechtsanwailte
Theresienhdhe 11a
80339 Miinchen (DE)

(54) AIR CONDITIONER

(57)  An air conditioner (100) includes an indoor unit
(2) and an outdoor unit (1). The indoor unit (2) activates
the outdoor unit (1). Upon activating the outdoor unit (1),
the indoor unit (2) determines whether communication
can be established between the indoor unit (2) and the
outdoor unit (1). When the communication cannot be es-
tablished, the indoor unit (2) performs self-reception of
receiving a first signal generated by the indoor unit (2).
The indoor unit (2) determines whether to reactivate the
outdoor unit (1) on the basis of the result of the self-re-
ception.
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Description
Field
[0001] The present invention relates to an air condi-

tioner that includes an indoor unit and an outdoor unit.
Background

[0002] Inairconditioners, anindoor unitand an outdoor
unit are generally configured to be connected together
via three wires, i.e., a power line, a signal line, and a
power/signal common line. Patent Literature 1 described
below discloses an air conditioner having such a config-
uration.

[0003] In conventional air conditioners exemplified in
Patent Literature 1 below, when the air conditioner is
turned on or the air conditioner in the operation standby
state is resumed, commercial power is applied from the
indoor unit to the outdoor unit to activate the outdoor unit
while an inrush-current prevention relay of the outdoor
unit is operated. The outdoor unit activated initiates and
establishes communication with the indoor unit. When
communication could not be established between the in-
door unit and the outdoor unit, the air conditioner per-
forms again the control of applying commercial power
from the indoor unit to the outdoor unit to attempt to es-
tablish communication.

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid-open No. 2010-243051

Summary
Technical Problem

[0005] As described above, in conventional air condi-
tioners, when communication could not be established
between the indoor unit and the outdoor unit, the air con-
ditioner performs again the control of applying commer-
cial power from the indoor unit to the outdoor unit. How-
ever, if commercial power is re-applied to the outdoor
unit in such a connection state that the outdoor unit can
perform communication, there is a problem in that unin-
tended overcurrent flows in the communication path and
thus an outdoor-unit circuit may fail.

[0006] The present invention has been achieved in
view of the above and an object of the present invention
is to provide an air conditioner that can prevent a failure
of an outdoor-unit circuit that may occur due to re-appli-
cation of commercial power.
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Solution to Problem

[0007] In order to solve the above problems and
achieve the object, an air conditioner according to an
aspect of the present invention includes an indoor unit
and an outdoor unit. The indoor unit activates the outdoor
unit. Upon activating the outdoor unit, the indoor unit de-
termines whether communication is capable of being es-
tablished between the indoor unit and the outdoor unit.
When the communication is not capable of being estab-
lished, the indoor unit performs self-reception of receiving
afirst signal generated by the indoor unit. The indoor unit
determines whether to reactivate the outdoor unit on a
basis of a result of the self-reception.

Advantageous Effects of Invention

[0008] The air conditioner according to the present in-
vention provides an advantage in that a failure of an out-
door-unit circuit that may occur due to re-application of
commercial power can be prevented.

Brief Description of Drawings
[0009]

FIG. 1 is a block diagram illustrating an electrical
system of an air conditioner according to an embod-
iment.

FIG. 2 is a flowchart illustrating an operation of the
main parts of the air conditioner according to the em-
bodiment.

FIG.3isablock diagram illustrating an example con-
figuration of an indoor communication circuit unit in
the air conditioner according to the embodiment.
FIG.4is ablock diagram illustrating an example con-
figuration of an outdoor communication circuit unit
in the air conditioner according to the embodiment.
FIG. 5is a diagram for explaining an operation in the
case of an instantaneous power failure.

FIG. 6 is a block diagram illustrating an example of
a hardware configuration in an indoor control unit
according to the embodiment.
FIG.7isablockdiagramillustrating anotherexample
of a hardware configuration in the indoor control unit
according to the embodiment.

Description of Embodiments

[0010] An air conditioner according to embodiments of
the present invention will be explained below in detail
with reference to the accompanying drawings. The
present invention is not limited to the following embodi-
ments. In the following descriptions, "physical connec-
tion" and "electrical connection" are not distinguished
from each other and are simply referred to as "connec-
tion".
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Embodiment.

[0011] FIG. 1isablockdiagramillustrating an electrical
system of an air conditioner according toan embodiment.
As illustrated in FIG. 1, an air conditioner 100 in the em-
bodiment includes an outdoor unit 1 and an indoor unit
2 that activates the outdoor unit 1. FIG. 1 particularly
illustrates a connection state before the outdoor unit 1 is
activated.

[0012] A description will be first given of a schematic
configuration of the air conditioner 100 according to the
embodiment with reference to FIG. 1. The outdoor unit
1 and the indoor unit 2 are connected together via three
lines, i.e., a power line 24, a power/signal common line
25, and a signal line 26. The outdoor unit 1 is connected
to a three-phase alternating-current (AC) power supply
3. A three-phase AC voltage is applied to the outdoor
unit 1 via power lines 65. A single-phase AC voltage is
applied from two of the power lines 65 to the indoor unit
2 via the power line 24 and the power/signal common
line 25. This means that the air conditioner 100 according
to the embodiment is configured such that the outdoor
unit 1 is supplied with three-phase AC power and the
indoor unit 2 is supplied with single-phase AC power.
[0013] Theindoorunit 2 includes an indoor control unit
4 and an outdoor activation relay 8. The outdoor activa-
tion relay 8 opens and closes a connection between the
power line 24 and the signal line 26. The wording "open
and close a connection" indicates switching between the
unconnected state and the connected state. The indoor
control unit 4 controls the outdoor activation relay 8 such
that single-phase AC power is supplied between the sig-
nal line 26 and the power/signal common line 25.
[0014] The outdoor unit 1 includes an outdoor rectifier
unit 9, a first inrush-current prevention relay 10, a power
supply relay 12, a second inrush-current prevention relay
13, a smoothing capacitor 14, an inverter circuit unit 15,
and an outdoor control unit 16. The outdoor unit 1 further
includes a communication-circuit power supply unit 18,
an outdoor communication circuit unit 19, a power supply
switch relay 20, an inrush-current-prevention-relay drive
unit21, and a compressor 80. The compressor 80 is driv-
en by the inverter circuit unit 15.

[0015] In the outdoor unit 1, the outdoor rectifier unit 9
is connected to the power supply relay 12. The power
supply relay 12 opens and closes a connection between
the three-phase AC power supply 3 and the outdoor rec-
tifier unit 9. The outdoor rectifier unit 9 rectifies the output
of the three-phase AC power supply 3. The smoothing
capacitor 14 smooths the output of the outdoor rectifier
unit 9. The outdoor communication circuit unit 19 com-
municates with the indoor unit 2 via the power/signal com-
mon line 25 and the signal line 26. The power supply
switch relay 20 is connected between the power/signal
common line 25 and the communication-circuit power
supply unit 18. When a single-phase AC voltage applied
between the power/signal common line 25 and the signal
line 26 is supplied to the inrush-current-prevention-relay
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drive unit 21 via the outdoor activation relay 8 of the indoor
unit 2 and the power supply switch relay 20, the inrush-
current-prevention-relay drive unit 21 operates. The first
inrush-current preventionrelay 10 is connected in parallel
to the power supply relay 12 and is controlled by the
inrush-current-prevention-relay drive unit 21. The sec-
ond inrush-current prevention relay 13 is connected in
parallel to the first inrush-current prevention relay 10 and
is controlled by the outdoor control unit 16.

[0016] Next, a description will be given, in more detail,
of the configuration of the air conditioner 100 according
to the embodiment. The outdoor unit 1 includes an out-
door terminal block 23. The outdoor terminal block 23
includes 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 supply 3. The power from
the three-phase AC power supply 3 is supplied to the
outdoor unit 1 via the R terminal 27, the S terminal 28,
and the T terminal 29.

[0017] In the outdoor unit 1, the outdoor S1 terminal
30 is connected to the R terminal 27 and the outdoor S2
terminal 31 is connected to the S terminal 28. With these
connections, single-phase AC power is supplied to the
communication-circuit power supply unit 18 via the out-
door S1 terminal 30 and the outdoor S2 terminal 31. The
power supplied to the outdoor S1 terminal 30 and the
outdoor S2 terminal 31 is notlimited to single-phase pow-
er between the R terminal 27 and the S terminal 28 and
can be single-phase power between any two of the three
phases of the three-phase AC power supply 3.

[0018] The indoor unit 2 includes an indoor terminal
block 22. The indoor terminal block 22 includes 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 outdoor 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. The
indoor S3 terminal 35 is connected to the outdoor S3
terminal 32 via the signal line 26.

[0019] In addition to the indoor control unit 4 and the
outdoor activation relay 8 described above, the indoor
unit 2 includes an indoor rectifier unit 5, an indoor com-
munication circuit unit 6, an indoor operation switching
unit 7, and a remote control receiving unit 36. The outdoor
activation relay 8 includes a terminal a, a terminal b, and
a terminal c. The terminal a is connected to the indoor
S1 terminal 33. The terminal b is connected to the indoor
communication circuit unit 6. The terminal c is a base of
the outdoor activation relay 8 and is connected to the
indoor S3 terminal 35. The contact of the outdoor activa-
tion relay 8 is connected to either the terminal a or the
terminal b. In other words, the outdoor activation relay 8
switches whether to connect the indoor S3 terminal 35
to the indoor S1 terminal 33 or to the indoor communi-
cation circuit unit 6.

[0020] Inthe following descriptions, for the sake of con-
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venience, the state where the contact of the outdoor ac-
tivation relay 8 is connected to the terminal a is referred
to as "ON" and the state where the contact of the outdoor
activation relay 8 is connected to the terminal b is referred
to as "OFF".

[0021] When the outdoor activation relay 8 is OFF, the
contact of the outdoor activation relay 8 is connected to
the terminal b and thus the indoor S3 terminal 35 is con-
nected to the indoor communication circuit unit 6 via the
outdoor activation relay 8. With this connection, a com-
munication line is established between the outdoor unit
1 and the indoor unit 2 via the power/signal common line
25 and the signal line 26; therefore, the outdoor unit 1
and the indoor unit 2 exchange various operation signals.
[0022] When the outdoor activation relay 8 is ON, the
contact of the outdoor activation relay 8 is connected to
the terminal a and thus the indoor S3 terminal 35 is con-
nected to the indoor S1 terminal 33. With this connection,
single-phase AC power is supplied between the pow-
er/signal common line 25 and the signal line 26.

[0023] The indoor S1 terminal 33 is connected to the
indoor rectifier unit 5. The indoor S2 terminal 34 is con-
nected to the indoor rectifier unit 5 and the indoor com-
munication circuit unit 6. A single-phase AC voltage ap-
plied between the power line 24 and the power/signal
common line 25 is converted into a direct-current (DC)
voltage by the indoor rectifier unit 5 and the power is
supplied to the indoor control unit 4.

[0024] Theindooroperation switching unit7 connected
to the indoor control unit 4 determines whether to reduce
the standby power that is the power consumed by the
outdoor unit 1 during operation standby. The example in
FIG. 1 is a case where whether to reduce the standby
power is determined depending on the connection state
of jumper wires. In the indoor operation switching unit 7,
when a jumper wire is connected between a terminal ¢1
and a terminal c2, the standby power is reduced, and
when a jumper wire is connected between the terminal
c2 and a terminal c3, the standby power is not reduced.
Whether to reduce the standby power can be switched
by a switch instead of using jumper wires.

[0025] The remote control receiving unit 36 is connect-
ed to a remote controller 37 and the indoor control unit
4. The remote control receiving unit 36 receives an op-
eration command from the remote controller 37 and
transmits the received command to the indoor control
unit 4.

[0026] The outdoor unit 1 further includes an inrush-
current prevention resistor 11 and an outdoor operation
switching unit 17. The R terminal 27 in the outdoor unit
1 is connected to one end of each of the first inrush-
current prevention relay 10 and the second inrush-cur-
rent prevention relay 13 and to the terminal a that is one
of the terminals on one side of the power supply relay
12. The other end of each of the first inrush-current pre-
vention relay 10 and the second inrush-current preven-
tion relay 13 is connected to one end of the inrush-current
prevention resistor 11. The other end of the inrush-cur-
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rent prevention resistor 11 is connected to the outdoor
rectifier unit 9 and to the terminal b that is one of the
terminals on the other side of the power supply relay 12.
Both ends of each of the first inrush-current prevention
relay 10 and the second inrush-current prevention relay
13 are connected to the outdoor operation switching unit
17.

[0027] The S terminal 28 is connected to the terminal
c thatis another of the terminals on one side of the power
supply relay 12. A terminal d that is another of the termi-
nals on the other side of the power supply relay 12 is
connected to the outdoor rectifier unit 9. The T terminal
29 is connected to the outdoor rectifier unit 9 without
passing through the power supply relay 12.

[0028] Inthe exampleillustratedin FIG. 1, the terminal
a and the terminal c that are terminals on one side of the
power supply relay 12 are respectively connected to the
R terminal 27 and the S terminal 28; however, there is
no limitation thereto. It is sufficient if any two of the R
terminal 27, the S terminal 28, and the T terminal 29 are
connected to the terminal a and the terminal c of the
power supply relay 12.

[0029] A circuit unitis configured from a parallel circuit
of the firstinrush-current prevention relay 10 and the sec-
ond inrush-current prevention relay 13 and the inrush-
current prevention resistor 11 connected in series with
the parallel circuit. The circuit unit is connected at one
end to the terminal a and connected at the other end to
the terminal b in FIG. 1; however, there is no limitation
thereto. The circuit unit may be connected at one end to
the terminal c and connected at the other end to the ter-
minal d. In other words, it is sufficient if one end and the
other end of the circuit unit are connected to the input
and output of any one of the contacts in the power supply
relay 12.

[0030] InFIG.1,the powersupplyrelay 12isillustrated
as a two-contact relay; however, the power supply relay
12 may be configured from two single-contact relays.
[0031] The outdoor rectifier unit 9 rectifiers the AC volt-
age from the three-phase AC power supply 3 to convert
itinto a given DC voltage. The power supply relay 12 and
the second inrush-current prevention relay 13 are oper-
ated under the control of the outdoor control unit 16.
When the power supply relay 12 and the second inrush-
current prevention relay 13 are notin operation, their con-
tacts are open as illustrated in FIG. 1.

[0032] The outdoor operation switching unit 17 is con-
nected to both ends of the first inrush-current prevention
relay 10 and is also connected to the outdoor control unit
16. The outdoor operation switching unit 17 determines
whether to reduce the standby power during operation
standby. The example in FIG. 1 is a case where whether
to reduce the standby power is determined depending
on the connection state of jumper wires. In the outdoor
operation switching unit 17, when a jumper wire is con-
nected between a terminal a1 and a terminal a2, the
standby power during operation standby is reduced.
When a jumper wire is connected between a terminal b1
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and a terminal b2, these terminals b1 and b2 form a cur-
rent path bypassing the first inrush-current prevention
relay 10. Thus, the standby power during operation
standby is not reduced. Information indicating whether
to reduce the standby power during operation standby is
transmitted from the outdoor operation switching unit 17
to the outdoor control unit 16.

[0033] Both ends of the smoothing capacitor 14 are
connected to the outdoor rectifier unit 9. The DC voltage
smoothed by the smoothing capacitor 14 is applied to
the inverter circuit unit 15 and the outdoor control unit 16.
[0034] The power supply switch relay 20 includes a
terminal a, a terminal b, and a terminal c. The terminal a
is connected to the communication-circuit power supply
unit 18. The terminal b is connected to the inrush-current-
prevention-relay drive unit 21. The terminal c is connect-
ed to the outdoor S2 terminal 31. The terminal cis a base
of the power supply switch relay 20 and is connected to
the outdoor S2 terminal 31. The contact of the power
supply switch relay 20 is connected to either the terminal
a or the terminal b. In other words, the power supply
switch relay 20 switches whether to connect the outdoor
S2 terminal 31 to the inrush-current-prevention-relay
drive unit21 or to the communication-circuit power supply
unit 18.

[0035] Inthe following descriptions, for the sake of con-
venience, the state where the contact of the power supply
switch relay 20 is connected to the terminal a is referred
to as "ON" and the state where the contact of the power
supply switch relay 20 is connected to the terminal b is
referred to as "OFF".

[0036] The outdoor control unit 16 controls the power
supply switch relay 20. When the power supply switch
relay 20 is OFF, the contact of the power supply switch
relay 20 is connected to the terminal b and thus the out-
door S2 terminal 31 is connected to the inrush-current-
prevention-relay drive unit 21 via the power supply switch
relay 20. With this connection, when a single-phase al-
ternating current flows between the power/signal com-
mon line 25 and the signal line 26 by the indoor unit 2,
the inrush-current-prevention-relay drive unit 21 is ener-
gized. Energization of the inrush-current-prevention-re-
lay drive unit 21 causes the contact of the first inrush-
current prevention relay 10 to close.

[0037] When the power supply switch relay 20 is ON,
the contact of the power supply switch relay 20 is con-
nected to the terminal a. In this case, the outdoor S2
terminal 31 is connected to the communication-circuit
power supply unit 18 via the power supply switch relay
20. The communication-circuit power supply unit 18 gen-
erates a DC voltage from a single-phase AC voltage ap-
plied between the power line 24 and the power/signal
common line 25 and applies this DC voltage to the out-
door communication circuit unit 19. The DC voltage can
be generated by a half-wave rectifier circuit or a full-wave
rectifier circuit; however, any circuit can be used to gen-
erate the DC voltage.

[0038] Theinvertercircuitunit15, controlled by the out-
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door control unit 16, converts the applied DC voltage into
a given AC voltage at a given frequency. The inverter
circuit unit 15 applies the AC voltage obtained by the
conversion to the compressor 80 to drive the compressor
80.

[0039] Next, a description will be given of an operation
of the air conditioner 100 during operation standby with
reference to FIG. 1. First, power is supplied from the
three-phase AC power supply 3 to the outdoor unit 1 via
the R terminal 27, the S terminal 28, and the T terminal
29. During operation standby, the contacts of the first
inrush-current prevention relay 10, the second inrush-
current prevention relay 13, and the power supply relay
12 are open; therefore, no power is supplied to the in-
verter circuit unit 15, the outdoor operation switching unit
17, and the outdoor control unit 16 that are outdoor-unit
loads.

[0040] Although one end of the communication-circuit
power supply unit 18 is connected to the power line 24
via the outdoor S1 terminal 30, the other end of the com-
munication-circuit power supply unit 18 is not connected
to the outdoor S2 terminal 31 because of the power sup-
ply switch relay 20. Thus, power is not supplied to the
communication-circuit power supply unit 18. Conse-
quently, power is not supplied to the outdoor communi-
cation circuit unit 19, either. Although one end of the in-
rush-current-prevention-relay drive unit 21 is connected
to the power/signal common line 25 via the outdoor S2
terminal 31, the other end of the inrush-current-preven-
tion-relay drive unit 21 is connected to the signal line 26
via the outdoor S3 terminal 32. Thus, power is not sup-
plied to the inrush-current-prevention-relay drive unit 21.
[0041] Withthe operation mode described above, pow-
eris notsupplied to the inverter circuit unit 15, the outdoor
control unit 16, the outdoor operation switching unit 17,
the communication-circuit power supply unit 18, and the
outdoor communication circuit unit 19 during operation
standby; therefore, the operation standby power in the
outdoor unit 1 is reduced.

[0042] Next, the operation before the air conditioner
100 starts its operation will be described. When power
is supplied from the three-phase AC power supply 3 to
the indoor unit 2 via the power line 24 and the power/sig-
nal common line 25, the power is supplied to the indoor
control unit 4 and thus the indoor unit 2 is activated. After
the indoor unit 2 is activated, the settings of the indoor
operation switching unit 7 are identified. In the example
in FIG. 1, a jumper wire is connected between the termi-
nal ¢1 and the terminal c2; therefore, it is determined that
the air conditioner reduces the standby power during op-
eration standby. The indoor control unit 4 transitions to
the state waiting for an input of an operation command
from the remote controller 37 via the remote control re-
ceiving unit 36.

[0043] Upon receiving an operation command signal
from the remote controller 37, the indoor control unit 4
turns on the outdoor activation relay 8 to activate the
outdoor unit 1. At this point in time, switching is made
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such that the indoor S3 terminal 35 is disconnected from
the indoor communication circuit unit 6 but is connected
to the indoor S1 terminal 33. With this control, a single-
phase AC voltage is applied between the outdoor S2 ter-
minal 31 and the outdoor S3 terminal 32.

[0044] The power supplied between the outdoor S2
terminal 31 and the outdoor S3 terminal 32 energizes the
inrush-current-prevention-relay drive unit 21 via the pow-
er supply switch relay 20 and also causes the contact of
the firstinrush-current prevention relay 10 to close. When
the contact of the first inrush-current prevention relay 10
is closed, the AC voltage from the three-phase AC power
supply 3 is converted into a DC voltage by the outdoor
rectifier unit 9. The DC voltage obtained by the conver-
sion is applied to the smoothing capacitor 14 and the
inverter circuit unit 15.

[0045] The inrush-current prevention resistor 11 is in-
serted in the power supply path through the first inrush-
current prevention relay 10; therefore, inrush current can
be prevented. The outdoor control unit 16 is activated by
the application of the DC voltage. The outdoor control
unit 16 activated closes the contact of the second inrush-
current prevention relay 13. The outdoor control unit 16
monitors the voltage to which the smoothing capacitor
14 is charged. After the outdoor control unit 16 deter-
mines that the monitoring voltage becomes stable at a
set voltage, the outdoor control unit 16 closes the contact
of the power supply relay 12. Then, the outdoor control
unit 16 opens the contact of the second inrush-current
prevention relay 13. The second inrush-current preven-
tion relay 13 is a relay used for increasing the likelihood
of self-reset when an instantaneous power failure occurs
and for improving user convenience. An instantaneous
power failure is a phenomenon that external power sup-
ply is temporarily interrupted. The operation of the sec-
ond inrush-current prevention relay 13 in the case of an
instantaneous power failure will be described later.
[0046] After a given set time has elapsed since the
outdoor activation relay 8 is turned on, the indoor control
unit 4 turns off the outdoor activation relay 8. At this point
in time, switching is made such that the indoor S3 terminal
35 is disconnected from the indoor S1 terminal 33 but is
connected to the indoor communication circuit unit 6.
With this control, a single-phase AC voltage applied be-
tween the outdoor S2 terminal 31 and the outdoor S3
terminal 32 is interrupted and thus the inrush-current-
prevention-relay drive unit 21 is de-energized. Conse-
quently, the contact of the first inrush-current prevention
relay 10 is opened. With this operation, inrush current
during an outdoor-unit activation operation can be pre-
vented.

[0047] When the inrush-current-prevention-relay drive
unit 21 is de-energized, the outdoor control unit 16 turns
on the power supply switch relay 20 to switch the con-
nection state of the outdoor S2 terminal 31 such that the
outdoor S2 terminal 31 is disconnected from the inrush-
current-prevention-relay drive unit 21 but is connected
to the communication-circuit power supply unit 18. With
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this control, a single-phase AC voltage applied between
the outdoor S1 terminal 30 and the outdoor S2 terminal
31 is applied to the communication-circuit power supply
unit 18. The communication-circuit power supply unit 18
converts the single-phase AC voltage into a given DC
voltage and applies the DC voltage to the outdoor com-
munication circuit unit 19.

[0048] In the above descriptions, the first inrush-cur-
rent prevention relay 10 is turned off after the outdoor
activation relay 8 is turned off by the indoor control unit
4; however, this order may be reversed and the power
supply switch relay 20 may be first turned on. When the
power supply switch relay 20 is turned on, the inrush-
current-prevention-relay drive unit 21 is de-energized
and thus the first inrush-current prevention relay 10 is
turned off. Thus, evenifthe orderis reversed, the outdoor
unit 1 can still be activated.

[0049] Next, a description will be given of an operation
of the main parts of the air conditioner 100 according to
the embodiment with reference to FIGS. 1 to 4. FIG. 2 is
a flowchart illustrating an operation of the main parts of
the air conditioner 100 according to the embodiment.
FIG. 3 is a block diagram illustrating an example config-
uration of the indoor communication circuit unit 6 in the
air conditioner 100 according to the embodiment. FIG. 4
is a block diagram illustrating an example configuration
of the outdoor communication circuit unit 19 in the air
conditioner 100 according to the embodiment.

[0050] As illustrated in FIG. 3, the indoor communica-
tion circuit unit 6 includes a transmitting unit 38, a receiv-
ing unit 39, a transmission control unit 50, and a reception
control unit 51. The transmitting unit 38 and the receiving
unit 39 connected in series are interposed between the
power/signal common line 25 and the signal line 26.
[0051] As illustrated in FIG. 4, the outdoor communi-
cation circuit unit 19 includes a transmitting unit 40, a
receiving unit 41, a transmission control unit 60, and a
reception control unit 61. The transmitting unit 40 and
the receiving unit 41 connected in series are interposed
between the power/signal common line 25 and the signal
line 26.

[0052] At step S1, the indoor unit 2 is activated. As
described above, the indoor unit 2 is activated by sup-
plying power from the three-phase AC power supply 3 to
the indoor unit 2.

[0053] Atstep S2,the outdoor activation relay 8 is con-
trolled to be in an on state. With this control, the indoor
S3 terminal 35 is connected to the indoor S1 terminal 33
and a single-phase AC voltage is applied between the
outdoor S2 terminal 31 and the outdoor S3 terminal 32.
When a single-phase AC voltage is applied between the
outdoor S2 terminal 31 and the outdoor S3 terminal 32,
the outdoor unit 1 is activated.

[0054] The outdoor activation relay 8 that has been
controlled to be in an on state is returned to an off state.
Consequently, switching is made such that the indoor S3
terminal 35 is disconnected from the indoor S1 terminal
33 but is connected to the indoor communication circuit



11 EP 3 680 566 A1 12

unit 6.

[0055] At step S3, the power supply switch relay 20 is
controlled to be in an on state. With this control, switching
is made such that the outdoor S2 terminal 31 is discon-
nected from the inrush-current-prevention-relay drive
unit 21 but is connected to the communication-circuit
power supply unit 18. Consequently, a single-phase AC
voltage is applied to the communication-circuit power
supply unit 18.

[0056] At step S4, power is supplied to the communi-
cation-circuit power supply unit 18. The communication-
circuit power supply unit 18 supplied with power converts
the single-phase AC voltage into a given DC voltage and
applies the DC voltage obtained by the conversion to the
outdoor communication circuit unit 19.

[0057] Atstep S5, communication is initiated between
the outdoor unit 1 and the indoor unit 2. The outdoor unit
1 takes the initiative to the communication at step S5. In
other words, the outdoor unit 1 serves as a master and
the indoor unit 2 serves as a slave. Details of the com-
munication operation performed between the outdoor
unit 1 and the indoor unit 2 will be described later.
[0058] At step S6, itis determined whether communi-
cation can be established between the outdoor unit 1 and
the indoor unit 2. When communication can be estab-
lished (Yes at step S6), the process proceeds to step S7.
At step S7, steady communication is performed between
the outdoor unit 1 and the indoor unit 2. In the steady
communication, various pieces of information necessary
for the control of the air conditioner 100 are exchanged.
[0059] At step S8, the outdoor control unit 16 in the
outdoor unit 1 receives an operation start command from
the indoor unit 2 and starts a heating operation or a cool-
ing operation.

[0060] In contrast, when communication cannot be es-
tablished (No at step S6), the process proceeds to step
S9. Atstep S9, a process of checking the communication
pathis performed, which includes processes at steps S10
to S16. As described above, if commercial power is re-
applied to the outdoor unit 1 in such a connection state
that the outdoor unit 1 can perform communication, un-
intended overcurrent may flow in the communication path
and thus the outdoor-unit circuit may fail. To counter this,
the process at step S9 is added.

[0061] Atstep S10, in the indoor unit 2, a test signal is
transmitted and it is determined whether self-reception
is possible. The self-reception indicates a process of re-
ceiving a signal generated by the transmitting unit 38 of
the indoor unit 2 by the receiving unit 39 of the aforemen-
tioned indoor unit 2. The reception process involved in
the self-reception can be performed independently of, or
asynchronously to, the process at step S5. Details of the
reception process involved in the self-reception will be
described later. A test signal can be in any form of a
communication signal as long as it can check the function
of the self-reception. The signal generated by the trans-
mitting unit 38, i.e., atestsignal, is in some casesreferred
to as a "first signal" for the sake of convenience.
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[0062] When the self-reception of a test signal is suc-
cessful (Yes at step S10), the process proceeds to step
S11. Successful self-reception of a test signal means that
the communication path is connected correctly between
the indoor unit 2 and the outdoor unit 1 and that the re-
spective functions of the transmitting unit 38 and the re-
ceiving unit 39 of the indoor unit 2 are normal. In other
words, when the self-reception is successful, it is deter-
mined that a communication operation in the indoor unit
2is normal. Thus, at step S11, the indoor unit 2 waits for
receipt of a signal through outdoor transmission. The out-
door transmission indicates an operation of transmitting
a signal from the outdoor unit 1 to the indoor unit 2. At
step S11, the indoor unit 2 is in a standby state to deter-
mine whether the receiving unit 39 of the indoor unit 2
can receive a signal generated by the transmitting unit
40 of the outdoor unit 1. The signal generated when the
outdoor transmission is performed is in some cases re-
ferred to as a "second signal" for the sake of convenience.
[0063] After step S11, the process proceeds to step
S12. At step S12, it is determined again whether com-
munication can be established between the outdoor unit
1 and the indoor unit 2. The determination of whether
communication can be established is performed based
on the result indicating whether the receiving unit 39 of
the indoor unit 2 can receive the signal transmitted from
the transmitting unit 40 of the outdoor unit 1.

[0064] When communication can be established (Yes
at step S12), the process proceeds to step S7. The op-
erations at step S7 and subsequent steps are performed
as described above and thus a description thereofis omit-
ted.

[0065] In contrast, when communication cannot be es-
tablished (No at step S12), the process proceeds to step
S13. At step S13, it is determined that a communication
error has occurred and the process in the flowchart in
FIG. 2 ends.

[0066] The description here refers back to the deter-
mination process at step S10. When the self-reception
of a test signal in the indoor unit 2 is not successful (No
at step S10), the process proceeds to step S14. When
the self-reception of a test signal is not successful, there
is a possibility that the functions of the transmitting unit
40 and the receiving unit 41 of the outdoor unit 1 may
not be normal in addition to the possibility that the com-
munication path may not be connected correctly between
the outdoor unit 1 and the indoor unit 2 and the functions
of the transmitting unit 38 and the receiving unit 39 of the
indoor unit 2 are not normal. Thus, at step S14, the out-
doorunit 1isreactivated. The outdoor unit 1 is reactivated
by turning on the outdoor activation relay 8.

[0067] After step S14, the process proceeds to step
S15. At step S15, it is determined whether the number
of times the outdoor unit 1 is reactivated is within a pre-
determined number of times. When the number of times
the outdoor unit 1 is reactivated is within the predeter-
mined number of times (Yes at step S15), the process
returns to step S2 and the processes at step S2 and
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subsequent steps are repeated.

[0068] In contrast, when the number of times the out-
door unit 1 is reactivated exceeds the predetermined
number of times (No at step S15), the process proceeds
to step S16. At step S16, it is determined that a commu-
nication error has occurred and the process in the flow-
chart in FIG. 2 ends.

[0069] As described above, in the flowchart in FIG. 2,
the process at step S10 is added. With this process, in
a connection state where the outdoor unit 1 can perform
communication, commercial power can be prevented
from being re-applied to the outdoor unit 1. Consequent-
ly, in a state where a communication circuit is formed, an
unintended failure of an outdoor-unit circuit can be pre-
vented.

[0070] In the flowchart in FIG. 2, the process at step
S15 is added. This process can eliminate the situation
where the outdoor unit 1 cannot be reactivated due to an
accidental factor; therefore, it is possible to increase the
accuracy in determination of an occurrence of a commu-
nication error.

[0071] Next, a description will be given of a communi-
cation operation performed between the outdoor unit 1
and the indoor unit 2. Hereinafter, communication be-
tween the outdoor unit 1 and the indoor unit 2 is referred
to as "indoor-outdoor communication" as appropriate.
[0072] A communication current supplied from the
communication-circuit power supply unit 18 flows be-
tween the power/signal common line 25 and the signal
line 26. A communication current is current used for com-
munication between the outdoor unit 1 and the indoor
unit 2. The outdoor unit 1 and the indoor unit 2 perform
communication by detecting a current flowing state and
a no-current flowing state.

[0073] The transmitting unit 38 includes an element for
switching a state of a path through which a communica-
tion current flows during indoor-outdoor communication
to either a communication current flowing state or a no-
communication-current flowing state. One example of
the element is a photocoupler. Hereinafter, a path
through which a communication current flows during in-
door-outdoor communication is referred to as a "current
loop". The current loop is formed by inserting the trans-
mitting unit 38 and the receiving unit 39 of the indoor unit
2 and the transmitting unit 40 and the receiving unit 41
of the outdoor unit 1 in series between the power/signal
common line 25 and the signal line 26. In the following
descriptions, a state where a communication current
flows in the current loop is referred to as an "ON state"
or simply "ON" and a state where a communication cur-
rent does not flow in the current loop is referred to as an
"OFF state" or simply "OFF".

[0074] Intheindoor unit 2, the transmitting unit 38 con-
trols ON/OFF of the current loop in accordance with the
control by the transmission control unit 50. The transmit-
ting unit 38 transmits data to the outdoor unit 1 in accord-
ance with ON/OFF control of the current loop.

[0075] In the indoor unit 2, the receiving unit 39 in-
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cludes an element for receiving data transmitted from the
outdoor unit 1. The receiving unit 39 detects whether the
value of a communication current flowing in the current
loop is larger than or smaller than a current threshold to
receive data. One example of the element is a photocou-
pler. The receiving unit 39 outputs the reception result to
the reception control unit 51.

[0076] The transmission control unit 50 controls
ON/OFF of the transmitting unit 38 in accordance with
whether the transmission data indicates "0" or "1". When
the transmission data indicates "0", the transmitting unit
38 may be controlled to be ON or may be controlled to
be OFF. When the transmission data indicates "1", the
transmitting unit 38 may be controlled to be ON or may
be controlled to be OFF.

[0077] The reception control unit 51 determines that
the reception data indicates "0" or "1" in accordance with
the output of the receiving unit 39.

[0078] In the outdoor unit 1, the transmitting unit 40
includes an element for switching a state of the current
loop between a communication current flowing state and
a no-communication-current flowing state. One example
of the element is a photocoupler. The transmitting unit
40 controls ON/OFF of the current loop in accordance
with the control by the transmission control unit 60. The
transmitting unit 40 transmits data to the indoor unit 2 in
accordance with ON/OFF control of the current loop.
[0079] In the outdoor unit 1, the receiving unit 41 in-
cludes an element for receiving data transmitted from the
indoor unit 2. The receiving unit 41 detects whether the
value of a communication current flowing in the current
loop is larger than or smaller than a communication cur-
rent threshold to receive data. One example of the ele-
ment is a photocoupler. The receiving unit 41 outputs the
output result to the reception control unit 61.

[0080] The transmission control unit 60 controls
ON/OFF of the transmitting unit 40 in accordance with
whether the transmission data indicates "0" or "1". When
the transmission data indicates "0", the transmitting unit
40 may be controlled to be ON or may be controlled to
be OFF. When the transmission data indicates "1", the
transmitting unit 40 may be controlled to be ON or may
be controlled to be OFF.

[0081] The reception control unit 61 determines that
the reception data indicates "0" or "1" in accordance with
the output of the receiving unit 41.

[0082] The operation flow when data is transmitted
from the outdoor unit 1 to the indoor unit 2 will be de-
scribed below. When the indoor unit 2 receives data
transmitted from the outdoor unit 1, the transmission con-
trol unit 50 of the indoor unit 2 controls the transmitting
unit 38 of the indoor unit 2 such that it is ON.

[0083] Step 1: The transmission control unit 60 of the
outdoor unit 1 controls ON/OFF of the transmitting unit
40 of the outdoor unit 1 in accordance with whether the
transmission data indicates "0" or "1".

[0084] Step 2: The receiving unit 39 of the indoor unit
2 outputs the reception result to the reception control unit
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51 of the indoor unit 2.

[0085] Step 3: The reception control unit 51 of the in-
door unit 2 determines whether the reception data indi-
cates "0" or "1" in accordance with the input result.
[0086] The operation flow when data is transmitted
from the indoor unit 2 to the outdoor unit 1 will be de-
scribed below. When the outdoor unit 1 receives data
transmitted from the indoor unit 2, the transmission con-
trol unit 60 of the outdoor unit 1 controls the transmitting
unit 40 of the outdoor unit 1 such that it is ON.

[0087] Step 1: The transmission control unit 50 of the
indoor unit 2 controls ON/OFF of the transmitting unit 38
of the indoor unit 2 in accordance with whether the trans-
mission data indicates "0" or "1".

[0088] Step 2: The receiving unit 41 of the outdoor unit
1 outputs the reception result to the reception control unit
61 of the outdoor unit 1.

[0089] Step 3: The reception control unit 61 of the out-
door unit 1 determines whether the reception data indi-
cates "0" or "1" in accordance with the input result.
[0090] The operation flow when the indoor unit 2 per-
forms the self-reception of a test signal will be described
below. The indoor unit 2 performs the self-reception of a
test signal at the time when the transmission control unit
60 of the outdoor unit 1 controls the transmitting unit 40
of the outdoor unit 1 such that it is ON.

[0091] Step 1: The transmission control unit 50 of the
indoor unit 2 controls ON/OFF of the transmitting unit 38
of the indoor unit 2 in accordance with whether the trans-
mission data indicates "0" or "1".

[0092] Step 2: The receiving unit 39 of the indoor unit
2 outputs the reception result to the reception control unit
51 of the indoor unit 2.

[0093] Step3Thereceptioncontrolunit51 of theindoor
unit 2 determines whether the reception data indicates
"0" or "1" in accordance with the input result.

[0094] Next, a description will be given of an operation
of the second inrush-current prevention relay 13 in the
case of an instantaneous power failure with reference to
FIGS. 1to 5. FIG. 5 is a diagram for explaining an oper-
ation in the case of an instantaneous power failure. As
described above, the second inrush-current prevention
relay 13 is a relay used for increasing the likelihood of
self-reset when an instantaneous power failure occurs
and for improving user convenience.

[0095] FIG. 5 illustrates, in association with the bus
voltage, a sequence operation of the power supply relay
12 on the left side and a sequence operation of the sec-
ond inrush-current prevention relay 13 on the right side.
The "bus voltage" here indicates a voltage of a DC bus
that connects the outdoor rectifier unit 9 and the inverter
circuitunit 15, and it matches the voltage of the smoothing
capacitor 14 in the example in FIG. 1. In the following
descriptions, the "voltage of the smoothing capacitor 14"
is referred to as the "bus voltage".

[0096] As described above, the bus voltage is moni-
tored by the outdoor control unit 16. When power supply
is interrupted, the bus voltage drops because some load
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is connected to the circuit. The larger the load is, the
faster the bus voltage drops. The contact of the power
supply relay 12 is closed while the outdoor unit 1 is en-
ergized; therefore, if power supply is immediately re-
stored, the bus voltage instantaneously rises and returns
to the voltage obtained by smoothing the power-supply
voltage. However, if power supply is not restored, the
bus voltage continues to drop.

[0097] When the bus voltage falls below a first voltage
threshold Vth1, the contact of the power supply relay 12
is opened and then the contact of the second inrush-
current prevention relay 13 is closed. Because these op-
erations are performed in sequence, the bus voltage at
the time when the contact of the second inrush-current
prevention relay 13 is closed may be a voltage Vth1’,
which is lower than the first voltage threshold Vth1.
[0098] Even when the bus voltage falls below the first
voltage threshold Vth1 and further continues to drop, the
outdoor control unit 16 keeps the contact of the second
inrush-current prevention relay 13 closed as long as the
bus voltage can still cause the outdoor control unit 16 to
operate. When the power supply is restored at a voltage
at which the outdoor control unit 16 can operate, the volt-
age of the smoothing capacitor 14 can be restored by
using the path through the second inrush-current preven-
tion relay 13 and the inrush-current prevention resistor
11. Because the inrush-current prevention resistor 11 is
presentin the path, an inrush current value can be limited
and thus a failure of a circuit in the subsequent stage,
e.g., the outdoor rectifier unit 9, due to excessive inrush
current can be prevented.

[0099] When the bus voltage is restored and the pow-
er-supply voltage is returned to a stable voltage Vpp, the
outdoor control unit 16 determines that the power-supply
voltage becomes stable at the stable voltage V. There-
after, the outdoor control unit 16 closes the contact of the
power supply relay 12 and then opens the contact of the
second inrush-current prevention relay 13. As long as
the three-phase AC power supply 3 keeps supplying
power, the current for charging the smoothing capacitor
14 is supplied to the smoothing capacitor 14 via the power
supply relay 12 without passing through the second in-
rush-current prevention relay 13. The above control op-
erations can reduce unnecessary power used in the air
conditioner 100.

[0100] Finally, adescription will be given of a hardware
configuration for implementing the function of the indoor
control unit4 according to the embodiment with reference
to FIGS. 6 and 7. FIG. 6 is a block diagram illustrating
an example of a hardware configuration in the indoor
control unit according to the embodiment. FIG. 7 is a
block diagram illustrating another example of a hardware
configuration in the indoor control unit according to the
embodiment.

[0101] To implement the function of the indoor control
unit 4 according to the embodiment, the indoor control
unit 4 can be configured to include a processor 200 for
executing computations, amemory 202 storing programs
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read by the processor 200, and an interface 204 for in-
putting and outputting signals.

[0102] The processor 200 may be a computing unit
such as an arithmetic unit, a microprocessor, a micro-
computer, a central processing unit (CPU), or a digital
signal processor (DSP). Examples of the memory 202
include a nonvolatile or volatile semiconductor memory
such as a random access memory (RAM), a read only
memory (ROM), a flash memory, an erasable program-
mable read only memory (EPROM), or an electrically
erasable programmable read only memory (EEPROM),
amagnetic disk, a flexible disk, an optical disk, a compact
disk, a mini disk, and a digital versatile disk (DVD).
[0103] The memory 202 stores programs for imple-
menting a function of the indoor control unit 4 and a table
referred to by the processor 200. The processor 200 can
perform the computation processes described above by
exchanging necessary information via the interface 204,
executing the programs stored in the memory 202, and
referring to the table stored in the memory 202. The com-
putation results by the processor 200 can be stored in
the memory 202.

[0104] The processor 200 and the memory 202 illus-
trated in FIG. 6 may be replaced by a processing circuit
203 as illustrated in FIG. 7. The processing circuit 203
is, for example, a single circuit, a combined circuit, an
application specific integrated circuit (ASIC), a field-pro-
grammable gate array (FPGA), or a combination of them.
[0105] The configurations described in the above em-
bodiments illustrate examples of an aspect of the present
invention, and can be combined with another known art,
or can be partly omitted or changed without departing
from the scope of the present invention.

Reference Signs List

[0106] 1 outdoor unit; 2 indoor unit; 3 three-phase AC
power supply; 4 indoor control unit; 5 indoor rectifier unit;
6 indoor communication circuit unit; 7 indoor operation
switching unit; 8 outdoor activation relay; 9 outdoor rec-
tifier unit; 10 first inrush-current prevention relay; 11 in-
rush-current prevention resistor; 12 power supply relay;
13 second inrush-current prevention relay; 14 smoothing
capacitor; 15 inverter circuit unit; 16 outdoor control unit;
17 outdoor operation switching unit; 18 communication-
circuit power supply unit; 19 outdoor communication cir-
cuit unit; 20 power supply switch relay; 21 inrush-current-
prevention-relay drive unit; 22 indoor terminal block; 23
outdoor terminal block; 24 power line; 25 power/signal
common line; 26 signal line; 27 R terminal; 28 S terminal;
29 T terminal; 30 outdoor S1 terminal; 31 outdoor S2
terminal; 32 outdoor S3 terminal; 33 indoor S1 terminal;
34 indoor S2 terminal; 35 indoor S3 terminal; 36 remote
control receiving unit; 37 remote controller; 38, 40 trans-
mitting unit; 39, 41 receiving unit; 50, 60 transmission
control unit; 51, 61 reception control unit; 65 power line;
80 compressor; 100 air conditioner; 200 processor; 202
memory; 203 processing circuit; 204 interface.
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10

Claims

1. An air conditioner that comprises an indoor unit and
an outdoor unit and in which the indoor unit activates
the outdoor unit, wherein
upon activating the outdoor unit, the indoor unit de-
termines whether communication is capable of being
established between the indoor unit and the outdoor
unit, and, when the communication is not capable of
being established, the indoor unit performs self-re-
ception of receiving a first signal generated by the
indoor unit and determines whether to reactivate the
outdoor unit on a basis of a result of the self-recep-
tion.

2. The air conditioner according to claim 1, wherein

when the indoor unit is capable of receiving the first
signal in the self-reception, the indoor unit deter-
mines that a communication operation in the indoor
unit is normal.

3. The air conditioner according to claim 1, wherein

when the indoor unit is capable of receiving the first
signal in the self-reception, the indoor unit waits for
a second signal generated by the outdoor unit to be
input, and, when the indoor unit is not capable of
receiving the second signal, the indoor unit deter-
mines that a communication error occurs.

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

to 3, wherein

the indoor unit and the outdoor unit are connected
together via three lines including a power line, a pow-
er/signal common line, and a signal line,

the indoor unit and the outdoor unit each include a
transmitting unit and a receiving unit,

the transmitting unit and the receiving unit of the in-
door unit and the transmitting unit and the receiving
unit of the outdoor unitare inserted in series between
the power/signal common line and the signal line to
form a current loop, and

the indoor unit and the outdoor unit communicate
with each other by detecting a communication cur-
rent flowing in the current loop.
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