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(67)  An air-conditioning apparatus has a detection
unit configured to detect an abnormality of a device and
a controller configured to, when an abnormality is detect-
ed by the detection unit, stop the device and then restart
the device. The controller has a time changing unit con-
figured to change, from a reference time that is prede-

termined, on the basis of a type of an abnormality detect-
ed by the detection unit, a restarting time from time when
the device is stopped to time when the device is restarted
and a restarting unit configured to restart the device when
the restarting time set by the time changing unit elapses
after the device is stopped.

FIG. 1
i?
52 3
5 20
11
9 C Fﬁ V|t 810
33
6 9 32 4 35 37
34
31
36
s %,
40
cPU MEMO- 1 I
J
42 41

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 047 279 A1 2

Description
Technical Field

[0001] The present disclosure relates to an air-condi-
tioning apparatus configured to condition air in an air-
conditioned space.

Background Art

[0002] Some air-conditioning apparatus monitors an
operational state and, when it detects that an abnormality
has occurred, stops operation completely and turns on
an indicating lamp to notify a user that the abnormality
has occurred. In addition, in some air-conditioning sys-
tem that has a management device that monitors a plu-
rality of air-conditioning apparatuses, an air-conditioning
apparatus that has a detected abnormality stops its op-
eration completely and outputs information that the ab-
normality has occurred to the management device
through a communication unit.

[0003] Inanair-conditioningapparatus, however, ade-
tected abnormality may be based on false detection in
some cases. As an example of false detection, a case is
conceivable in which a sensor that detects whether an
abnormality has occurred receives an input signal of an
abnormal value caused by a noise or other factor instan-
taneously. As another example, a pressure sensor may
falsely detect, as an abnormal state, a state in which re-
frigerant is unevenly distributed in a refrigerant circuit
transiently and a pressure of refrigerant discharged from
a compressor thus increases temporarily. In a case in
which the sensor receives an input signal of an abnormal
value instantaneously, the air-conditioning apparatus
normally continues its operation after the air-conditioning
apparatus is restarted and then the sensor detects a nor-
mal value. In a case in which an abnormality is detected
as refrigerant is unevenly distributed, the air-conditioning
apparatus normally continues its operation by distributing
the refrigerant evenly. Consequently, once an air-condi-
tioning apparatus stops completely even by false detec-
tion, efficient air conditioning of an air-conditioned space
is disturbed.

[0004] An air-conditioning-apparatus monitoring sys-
tem has been proposed that stops an air-conditioning
apparatus that has a detected abnormality temporarily
and restarts the air-conditioning apparatus automatically
after predetermined time elapses to prevent the air-con-
ditioning apparatus being stopped completely when a
temporal abnormality is detected (see, for example, Pat-
ent Literature 1). An air-conditioning apparatus disclosed
in Patent Literature 1 has means that stops a compressor
in an abnormal state and restarts the compressor auto-
matically after predetermined time elapses and allows
restart up to predetermined times.
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Citation List
Patent Literature

[0005]
3445904

Patent Literature 1: Japanese Patent No.

Summary of Invention
Technical Problem

[0006] In the system disclosed in Patent Literature 1,
however, every time an air-conditioning apparatus has
an abnormality, operation of the air-conditioning appara-
tus is stopped for a fixed time irrespective of a type of
the abnormality. A problem remains in that, when the
fixed time from stop to restart of the air-conditioning ap-
paratus is set long so that many types of an abnormality
are covered, stop time during which air-conditioning op-
eration remains stopped is longer than required.

[0007] The presentdisclosure is made to solve such a
problem described above and to provide an air-condi-
tioning apparatus that prevents air-conditioning opera-
tion being stopped for longer time than required.

Solution to Problem

[0008] An air-conditioning apparatus according to an
embodiment of the present disclosure has a detection
unit configured to detect an abnormality of a device and
a controller configured to, when an abnormality is detect-
ed by the detection unit, stop the device and then restart
the device. The controller has a time changing unit con-
figured to change, from a reference time that is prede-
termined, on the basis of a type of an abnormality detect-
ed by the detection unit, a restarting time from time when
the device is stopped to time when the device is restarted
and a restarting unit configured to restart the device when
the restarting time set by the time changing unit elapses
after the device is stopped.

Advantageous Effects of Invention

[0009] According to an embodiment of the present dis-
closure, air-conditioning operation is prevented from be-
ing stopped for longer time than required as a restarting
time of a device is changed on the basis of a type of an
abnormality that occurs at the device.

Brief Description of Drawings
[0010]

[Fig. 1] Fig. 1 is a refrigerant circuit diagram that il-
lustrates an exemplary configuration of an air-con-
ditioning apparatus according to Embodiment 1.

[Fig. 2] Fig. 2 is a functional block diagram that illus-
trates an exemplary configuration of a controller il-



3 EP 4 047 279 A1 4

lustrated in Fig. 1.

[Fig. 3] Fig. 3 is a diagram that illustrates another
exemplary configuration of a sensor that detects an
abnormality of a compressor illustrated in Fig. 1.
[Fig. 4] Fig. 4 is a flowchart that illustrates an exem-
plary operational procedure of the air-conditioning
apparatus illustrated in Fig. 1.

[Fig. 5] Fig. 5 is a refrigerant circuit diagram that il-
lustrates an exemplary configuration of an air-con-
ditioning apparatus according to Modification 1.
[Fig. 6] Fig. 6 is a functional block diagram that illus-
trates an exemplary configuration of a controller il-
lustrated in Fig. 5.

[Fig. 7] Fig. 7 is a refrigerant circuit diagram that il-
lustrates an exemplary configuration of an air-con-
ditioning apparatus according to Embodiment 2.
[Fig. 8] Fig. 8 is a functional block diagram that illus-
trates an exemplary configuration of a controller il-
lustrated in Fig. 7.

[Fig. 9] Fig. 9 is a flowchart that illustrates an exem-
plary operational procedure of the air-conditioning
apparatus according to Embodiment 2.

Description of Embodiments
Embodiment 1

[0011] A configuration of an air-conditioning apparatus
according to Embodiment 1 is described below. Fig. 1 is
a refrigerant circuit diagram that illustrates an exemplary
configuration of an air-conditioning apparatus according
to Embodiment 1. Fig. 2 is a functional block diagram
that illustrates an exemplary configuration of a controller
illustrated in Fig. 1. An air-conditioning apparatus 1 has
a heat source-side unit 2 that provides a heat source, a
load-side unit 3 that conditions air in an air-conditioned
space by use of the heat source, a detection unit 30 (see
Fig. 2) that detects an abnormality that occurs at the air-
conditioning apparatus 1, and a controller 40. In Embod-
iment 1, a case is described in which the air-conditioned
space is an inside of a room to which the load-side unit
3 is installed.

[0012] The heat source-side unit 2 has a compressor
4 that compresses and discharges refrigerant, a four-way
valve 5 that switches flow directions of refrigerant, a heat
source-side heat exchanger 6 that allows outdoor air and
refrigerant to exchange heat with each other, and a fan
9 that supplies outdoor air to the heat source-side heat
exchanger 6. The load-side unit 3 has a load-side heat
exchanger 8 that allows indoor air and refrigerant to ex-
change heat with each other, an expansion valve 7 that
depressurizes and expands refrigerant, and a fan 10 that
supplies indoor air to the load-side heat exchanger 8.
[0013] The compressor 4 is, for example, an inverter-
driven compressor whose capacity is changeable. The
expansion valve 7 is, for example, an electronic expan-
sion valve. The heat source-side heat exchanger 6 and
the load-side heat exchanger 8 are, for example, fin-and-
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tube heat exchangers. The compressor 4, the four-way
valve 5, the heat source-side heat exchanger 6, the ex-
pansion valve 7, and the load-side heat exchanger 8 are
connected via refrigerant pipes 11 and thus form a re-
frigerant circuit 20 through which refrigerantis circulated.
The compressor 4, the four-way valve 5, the expansion
valve 7, the fan 9, and the fan 10 are each connected to
the controller 40 via an unillustrated signal line.

[0014] The detection unit 30 has a suction pressure
sensor 31, a discharge pressure sensor 32, a discharge
temperature sensor 33, an electric abnormality detection
sensor 34, a room temperature sensor 35, a pressure
sensor 36, and an electric abnormality detection sensor
37. The suction pressure sensor 31, the discharge pres-
sure sensor 32, the discharge temperature sensor 33,
the electric abnormality detection sensor 34, the room
temperature sensor 35, the pressure sensor 36, and the
electric abnormality detection sensor 37 are each con-
nected to the controller 40 via an unillustrated signal line.
[0015] The suction pressure sensor 31 has an unillus-
trated pressure sensor that detects a suction pressure
Pin that is a pressure of refrigerant to be sucked into the
compressor 4 and an unillustrated comparison circuit that
compares the suction pressure Pin with a predetermined
high-pressure threshold value Hith and compares the
suction pressure Pin with a predetermined low-pressure
threshold value Llth. In addition, the unillustrated com-
parison circuit of the suction pressure sensor 31 outputs
an abnormality signal that indicates that an abnormality
has occurred to the controller 40 in a case in which the
detected suction pressure Pin is higher than or equal to
the high-pressure threshold value Hith. The unillustrated
comparison circuit of the suction pressure sensor 31 out-
puts an abnormality signal to the controller 40 in a case
in which the detected suction pressure Pin is lower than
or equal to the low-pressure threshold value Llth. The
values Hith and Llth have a relation of Hith > Llth.
[0016] The discharge pressure sensor 32 has an unil-
lustrated pressure sensor that detects a discharge pres-
sure Pout that is a pressure of refrigerant discharged
from the compressor 4 and an unillustrated comparison
circuit that compares the discharge pressure Pout with
a predetermined high-pressure threshold value HOth
and compares the discharge pressure Pout with a pre-
determined low-pressure threshold value LOth. The un-
illustrated comparison circuit of the discharge pressure
sensor 32 outputs an abnormality signal to the controller
40 in a case in which the detected discharge pressure
Pout is higher than or equal to the high-pressure thresh-
old value HOth. In addition, the unillustrated comparison
circuit of the discharge pressure sensor 32 outputs an
abnormality signal to the controller 40 in a case in which
the detected discharge pressure Pout is lower than or
equal to the low-pressure threshold value LOth. The val-
ues HOth and LOth have a relation of HOth > LOth.
[0017] The discharge temperature sensor 33 has an
unillustrated temperature sensor that detects a discharge
temperature Tout that is a temperature of refrigerant dis-
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charged from the compressor 4 and an unillustrated com-
parison circuit that compares the discharge temperature
Tout with a predetermined refrigerant temperature
threshold value RTth1. The unillustrated comparison cir-
cuit of the discharge temperature sensor 33 outputs an
abnormality signal to the controller 40 in a case in which
the detected discharge temperature Tout is higher than
or equal to the refrigerant temperature threshold value
RTth1.

[0018] The pressure sensor 36 has an unillustrated
pressure sensor that detects a pressure MP of refrigerant
that flows through a refrigerant pipe 11 between the heat
source-side heat exchanger 6 and the expansion valve
7 and an unillustrated comparison circuit that compares
the pressure MP of the refrigerant with a predetermined
middle pressure threshold value MPth. The unillustrated
comparison circuit of the pressure sensor 36 outputs an
abnormality signal to the controller 40 in a case in which
the detected pressure MP of the refrigerant is higher than
or equal to the middle pressure threshold value MPth.
[0019] The room temperature sensor 35 has an unil-
lustrated temperature sensor that detects a room tem-
perature and an unillustrated comparison circuit that
compares the room temperature with a predetermined
room temperature threshold value RTth2. The unillus-
trated temperature sensor of the room temperature sen-
sor 35 detects a room temperature at predetermined in-
tervals and outputs a detected value to the controller 40.
In addition, the unillustrated comparison circuit of the
room temperature sensor 35 outputs an abnormality sig-
nal to the controller 40 in a case in which the room tem-
perature is higher than or equal to the room temperature
threshold value RTth2.

[0020] The electric abnormality detection sensor 34
has an unillustrated current sensor that detects a current
Cl that flows through a winding wire of an unillustrated
motor provided to the compressor 4 and an unillustrated
voltage sensor that detects a voltage CV applied to the
winding wire. In addition, the electric abnormality detec-
tion sensor 34 has an unillustrated current comparison
circuit that compares the current Cl with a predetermined
current threshold value Ith1 and an unillustrated voltage
comparison circuit that compares the voltage CV with a
predetermined voltage threshold value Vth1. The unillus-
trated current comparison circuit of the electric abnor-
mality detection sensor 34 outputs an abnormality signal
to the controller 40 in a case in which the detected current
Cl is higher than or equal to the current threshold value
Ith1. The unillustrated voltage comparison circuit of the
electric abnormality detection sensor 34 outputs an ab-
normality signal to the controller 40 in a case in which
the detected voltage CV is higher than or equal to the
voltage threshold value Vth1.

[0021] The electric abnormality detection sensor 37
has an unillustrated current sensor that detects a current
Fl that flows through a winding wire of an unillustrated
motor provided to the fan 10 and an unillustrated voltage
sensor that detects a voltage FV applied to the winding
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wire. In addition, the electric abnormality detection sen-
sor 37 has an unillustrated current comparison circuit that
compares the current Fl with a predetermined current
threshold value 1th2 and an unillustrated voltage com-
parison circuit that compares the voltage CV with a pre-
determined voltage threshold value Vth2. The unillustrat-
ed current comparison circuit of the electric abnormality
detection sensor 37 outputs an abnormality signal to the
controller 40 in a case in which the detected current Fl
is higher than or equal to the current threshold value 1th2.
The unillustrated voltage comparison circuit of the elec-
tric abnormality detection sensor 37 outputs an abnor-
mality signal to the controller 40 in a case in which the
detected voltage FV is higher than or equal to the voltage
threshold value Vth2.

[0022] Fig. 3 is a diagram that illustrates another ex-
emplary configuration of a sensor that detects an abnor-
mality of the compressor illustrated in Fig. 1. The detec-
tion unit 30 illustrated in Fig. 1 may have a pressure dif-
ference sensor 38 illustrated in Fig. 3 in place of the suc-
tion pressure sensor 31 and the discharge pressure sen-
sor 32. The pressure difference sensor 38 is connected
to the controller 40 via an unillustrated signal line.
[0023] The pressure difference sensor 38 has an un-
illustrated pressure sensor that detects a pressure differ-
ence AP between a suction pressure and a discharge
pressure and an unillustrated comparison circuit that
compares the pressure difference AP with a predeter-
mined high threshold value PDHth and compares the
pressure difference AP with a predetermined low thresh-
old value PDLth. The unillustrated comparison circuit of
the pressure difference sensor 38 outputs an abnormality
signal to the controller 40 in a case in which the pressure
difference AP is larger than or equal to the high threshold
value PDHth. The unillustrated comparison circuit of the
pressure difference sensor 38 outputs an abnormality
signal to the controller 40 in a case in which the pressure
difference AP is smaller than or equal to the low threshold
value PDLth. The values PDHth and PDLth have a rela-
tion of PDHth > PDLth.

[0024] Next, a configuration of the controller 40 illus-
trated in Fig. 1 is described below. As illustrated in Fig.
1, the controller 40 includes a memory 41 and a central
processing unit (CPU) 42. The memory 41 has a read
only memory (ROM) that stores a program and a random
access memory (RAM) that stores data of a calculation
process of the CPU 42. The CPU 42 is also referred to
as a processor, a microprocessor, a microcomputer, and
a digital signal processor (DSP). The CPU 42 reads out
a program stored in a ROM and executes a process in
accordance with the program.

[0025] Asillustratedin Fig. 2, the controller 40 includes
a refrigeration cycle control unit 51, a time changing unit
52, a restarting unit 53, and a timer 54. The timer 54
measures time and transmits information of the meas-
ured time to the restarting unit 53.

[0026] The refrigeration cycle control unit 51 controls
the four-way valve 5 according to an operation mode such



7 EP 4 047 279 A1 8

as cooling operation and heating operation of the load-
side unit 3. The refrigeration cycle control unit 51 controls
a refrigeration cycle of the refrigerant circuit 20 on the
basis of a room temperature and a set temperature. Spe-
cifically, the refrigeration cycle control unit 51 controls an
operation frequency of the compressor 4, an opening de-
gree of the expansion valve 7, and rotation frequencies
of the fans 9 and 10 so that the room temperature and
the set temperature are in the same predetermined
range. The set temperature is set by a user with the con-
troller 40 via an unillustrated remote controller.

[0027] The time changing unit 52 judges whether the
detection unit 30 has detected an abnormality at prede-
termined intervals. When the time changing unit 52 re-
ceives an abnormality signal from the detection unit 30,
the time changing unit 52 changes, from a predetermined
reference time tref, on the basis of a type of a detected
abnormality, a restarting time tret from time when a de-
vice that has the abnormality is stopped to time when the
device is restarted. In addition, when the time changing
unit 52 receives an abnormality signal from the detection
unit 30, the time changing unit 52 identifies a target device
of which the restarting time tret is to be changed on the
basis of a type of an abnormality. The time changing unit
52 transmits information of the target device to be restart-
ed and the restarting time tret to the restarting unit 53.
[0028] For example, in a case where the device is the
compressor 4, the time changing unit 52 may use, to
judge whether the compressor 4 has an abnormality, any
one of a discharge temperature Tin, the suction pressure
Pin, and the discharge pressure Pout. In addition, the
time changing unit52 may use, to judge whether the com-
pressor 4 has an abnormality, the pressure difference
AP between the suction pressure Pin and the discharge
pressure Pout.

[0029] A specific example is described below in which
the restarting time tret is changed on the basis of a type
of an abnormality. As the specific example, a case is
described below in which a device to be restarted on the
basis of a type of a detected abnormality is the compres-
sor4. First, a case is described below in which a pressure
difference AP detected by the pressure difference sensor
38illustratedin Fig. 3 is used to setthe restarting time tret.
[0030] In a case in which the time changing unit 52
receives, from the pressure difference sensor 38, an ab-
normality signal that indicates that a pressure difference
AP is larger than or equal to the high threshold value
PDHth, the time changing unit 52 sets the restarting time
tret longer than the reference time tref. Such a restarting
time tret in a case in which a pressure difference AP is
larger than or equal to the high threshold value PDHth is
defined as a restarting time tret1. On the other hand, in
a case in which the time changing unit 52 receives, from
the pressure difference sensor 38, an abnormality signal
that indicates that a pressure difference AP is smaller
than or equal to the low threshold value PDLth, the time
changing unit 52 sets the restarting time tret shorter than
the reference time tref. Such a restarting time tret in a
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case in which a pressure difference AP is smaller than
or equal to the low threshold value PDLth is defined as
arestarting time tret2. This is because, in a case in which
the compressor 4 actually has an abnormality and a pres-
sure difference AP is thus not sufficiently obtained, the
compressor 4 has be restarted earlier than in a case in
which a pressure difference AP is sufficient and whether
the compressor 4 has an abnormality has to be conclu-
sively determined in an early stage. The low threshold
value PDLth is, for example, 0.2 MPa.

[0031] Next, a case is described below in which a dis-
charge pressure Pout detected by the discharge pres-
sure sensor 32 illustrated in Fig. 1 is used to set the re-
starting time tret. The high-pressure threshold value
HOth is, for example, 2.0 MPa. The low-pressure thresh-
old value LOth is, for example, 0.3 MPa. In a case in
which the time changing unit 52 receives, from the dis-
charge pressure sensor 32, an abnormality signal that
indicates that a discharge pressure Pout is higher than
or equal to the high-pressure threshold value HOth, the
time changing unit 52 sets the restarting time tret longer
than the reference time tref. Such a restarting time tret
in a case in which a discharge pressure Pout is higher
than or equal to the high-pressure threshold value HOth
is defined as a restarting time tret3. In addition, in a case
in which the time changing unit 52 receives, from the
discharge pressure sensor 32, an abnormality signal that
indicates that a discharge pressure Pout is lower than or
equal to the low-pressure threshold value LOth, the time
changing unit 52 sets the restarting time tret longer than
the reference time tref. Such a restarting time tret in a
case in which a discharge pressure Pout is lower than or
equal to the low-pressure threshold value LOth is defined
as a restarting time tret4.

[0032] In a case in which an abnormality is in a dis-
charge pressure Pout, when the restarting time tret is
short, the possibility is high that the compressor 4 may
fail to be restarted, and the restarting time tret thus has
to be long. As one example of factors that cause a dis-
charge pressure Pout to be outside an allowable range
between the high-pressure threshold value HOth and the
low-pressure threshold value LOth, a caseis conceivable
in which refrigerant is unevenly distributed in the refrig-
erant circuit 20. In a case in which refrigerantis unevenly
distributed in the refrigerant circuit 20, an amount of re-
frigerant sucked into the compressor 4 per unit time is
unstable, the discharge pressure Pout is temporarily out-
side the allowable range. In this case, by setting the re-
starting time tret long, such an uneven distribution of the
refrigerant in the refrigerant circuit 20 is reduced and the
discharge pressure Pout after the compressor 4 is re-
started is thus also stable.

[0033] Next, a case is described below in which a dis-
charge temperature Tout detected by the discharge tem-
perature sensor 33 illustrated in Fig. 1 is used to set the
restartingtime tret. The refrigeranttemperature threshold
value RTth1 is, for example, 95 degrees C. In a case in
which the time changing unit 52 receives, from the dis-
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charge temperature sensor 33, an abnormality signal that
indicates that a discharge temperature Tout is higher
than or equal to the refrigerant temperature threshold
value RTth1, the time changing unit 52 sets the restarting
time tret longer than the reference time tref. Such a re-
starting time tret in a case in which a discharge temper-
ature Tout is higher than or equal to the refrigerant tem-
perature threshold value RTth1 is defined as a restarting
time tret5.

[0034] Furthermore, the restarting time has a relation
of tret3 < tret1. In a case in which a discharge pressure
Pout is higher than or equal to the high-pressure thresh-
old value HOth, a pressure difference AP may also in-
crease. In a case in which a discharge pressure Pout is
higher than or equal to the high-pressure threshold value
HOth and a pressure difference AP is larger than or equal
to the high threshold value PDHth, the time changing unit
52 may thus set the restarting time tret to the restarting
time tret1. In addition, the restarting time has a relation
of tret4 < tret1. In a case in which a discharge pressure
Pout is lower than or equal to the low-pressure threshold
value LOth, a pressure difference AP may also increase.
In a case in which a discharge pressure Pout is lower
than or equal to the low-pressure threshold value LOth
and a pressure difference AP is larger than or equal to
the high threshold value PDHth, the time changing unit
52 may thus set the restarting time tret to the restarting
time tret1. In addition, the restarting time has a relation
oftretd <tret1.Inacase inwhich a discharge temperature
Toutis higher than or equal to the refrigerant temperature
threshold value RTth1, a pressure difference AP may al-
so increase. In a case in which a discharge temperature
Toutis higher than or equal to the refrigerant temperature
threshold value RTth and a pressure difference AP is
larger than or equal to the high threshold value PDHth,
the time changing unit 52 may thus set the restarting time
tret to the restarting time tret1. The restarting time may
have a relation of tret3 = tret4 = tret5. In a case where a
discharge pressure Pout is high, the possibility exists that
the compressor 4 may be broken, and, to secure the com-
pressor 4, the restarting time tret is thus desirable to have
a relation of tret3 > tret5 > tret4.

[0035] Therestartingunit53 andthe timer 54 illustrated
in Fig. 2 are described below. The restarting unit 53 refers
to time measured by the timer 54 and judges whether an
elapsed time t that has elapsed after a device is stopped
is longer than or equal to the setrestarting time tret. When
the restarting unit 53 receives information of the target
device to be restarted and the restarting time tret from
the time changing unit 52, the restarting unit 53 stops the
target device to be restarted and then, when the restarting
time tret received from the time changing unit 52 has
elapsed, restarts the stopped device.

[0036] In addition, the restarting unit 53 counts the
number of times of restart Cret that is the number of times
of restart of the device and judges whether the counted
number of times of restart Cret has reached a predeter-
mined reference number of times Cref. The reference
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number of times Cref is, for example, two to five times.
When the number of times of restart Cret has reached
the reference number of times Cref, the restarting unit
53 conclusively determines that the abnormality is not
falsely detected and the target device to be restarted ac-
tually has the abnormality. When the restarting unit 53
conclusively determines that the device has an abnor-
mality, the restarting unit 53 stops restart of the target
device.

[0037] A caseisdescribed above with reference to Fig.
1 in which the controller 40 and components such as the
compressor 4 are each connected to each other via an
unillustrated signal line. Furthermore, a communication
connection means is not limited to cable communications
and may be radio communications and may be a means
obtained by combining cable communications and radio
communications. A communication connection means
between the controller 40 and each sensor is also not
limited to cable communications and may be radio com-
munications and may be a means obtained by combining
cable communications and radio communications. Fur-
thermore, each sensor of the suction pressure sensor
31, the discharge pressure sensor 32, and the discharge
temperature sensor 33 may output a detected value to
the controller 40 notonly in a case in which an abnormality
signal is output but also at predetermined intervals. In
this case, the refrigeration cycle control unit 51 may use
at least one value of the suction pressure, the discharge
pressure, and the discharge temperature to control the
refrigeration cycle.

[0038] Furthermore, the detection unit 30 does not
have to have all of the suction pressure sensor 31, the
discharge pressure sensor 32, the discharge tempera-
ture sensor 33, the electric abnormality detection sensor
34, the room temperature sensor 35, the pressure sensor
36, and the electric abnormality detection sensor 37. The
detection unit 30 is only required to have one or more of
the suction pressure sensor 31, the discharge pressure
sensor 32, the discharge temperature sensor 33, the
electric abnormality detection sensor 34, the room tem-
perature sensor 35, the pressure sensor 36, and the elec-
tric abnormality detection sensor 37.

[0039] Next, operation of the air-conditioning appara-
tus 1 according to Embodiment 1 is described below. Fig.
4 is a flowchart that illustrates an exemplary operational
procedure of the air-conditioning apparatus according
Embodiment 1. The time changing unit 52 judges wheth-
er the detection unit 30 has detected an abnormality at
predetermined intervals (step S101). When the time
changing unit 52 receives an abnormality signal from the
detection unit 30, the time changing unit 52 set the re-
starting time tret on the basis of a type of the abnormality
(step S102). In addition, the time changing unit 52 iden-
tifies a target device of which the restarting time tret is to
be changed on the basis of the type of the abnormality.
[0040] In step S102 illustrated in Fig. 4, when the time
changing unit 52 sets the restarting time tret, the time
changing unit 52 transmits information of the set restart-
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ing time tret to the restarting unit 53. The restarting unit
53 stops a device on the basis of the type of the abnor-
mality (step S103). Specifically, the restarting unit 53
stops electric power supply to the device. The restarting
unit53 refers to time measured by the timer 54 and judges
whether an elapsed time t that has elapsed after the de-
vice is stopped is longer than or equal to the setrestarting
time tret (step S104).

[0041] When the elapsed time t has reached the re-
starting time tret, the restarting unit 53 restarts the
stopped device (step S105). Specifically, the restarting
unit 53 restarts electric power supply to the stopped de-
vice. The restarting unit 53 counts the number of times
of restart Cret and judges whether the counted number
of times of restart Cret is larger than or equal to the ref-
erence number of times Cref (step S106). In a case in
which the number of times of restart Cret has not reached
the reference number of times Cref, the controller 40 re-
turns to step S101. In a case in which the number of times
ofrestart Crethasreached the reference number of times
Cref, the restarting unit 53 conclusively determines that
an abnormality has occurred (step S107).

[0042] A caseisdescribed above with reference to Fig.
4 in which a value that indicates an abnormality that oc-
curs at the compressor 4 is the discharge pressure Pout,
the pressure difference AP, or the discharge temperature
Tout. Furthermore, the value that indicates a type of an
abnormality is not limited to these detected value. For
example, in a case in which the time changing unit 52
receives, from the electric abnormality detection sensor
34, an abnormality signal that indicates that an over-cur-
rent flows, the time changing unit 52 makes the restarting
time tret shorter than the reference time tref. As one ex-
ample of factors that cause an over-current to flow
through the winding wire of the unillustrated motor pro-
vided to the compressor 4, a case is conceivable in which
liquid-state refrigerant stagnates in a refrigerant pipe 11
that is at a refrigerant-suction side of the compressor 4.
In such an abnormal state, even when time elapses, an
abnormality is continuously detected. To secure the com-
pressor 4, it is more important to repeat restart many
times in an early stage than to make the restarting time
tretlonger for the compressor 4. For this reason, the time
changing unit 52 makes the restarting time tret shorter
than the reference time tref, as described above.
[0043] In addition, a case is described above with ref-
erence to Fig. 4 in which a device related to a detected
abnormality is the compressor 4. Furthermore, a device
related to a detected abnormality is not limited to the com-
pressor 4. A device related to a detected abnormality
may be the fan 10. A sensor equivalent to the electric
abnormality detection sensor 37 may be provided to the
fan 9. In addition, a target to be monitored for whether
an abnormality has occurred may be a control board on
which a circuit that controls devises such as the com-
pressor 4 and may be an unillustrated motor provided to
devises such as the compressor 4. For example, in a
case in which the time changing unit 52 receives an ab-
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normality signal from the electric abnormality detection
sensor 37, the time changing unit 52 judges that the ab-
normality is an abnormality that has occurred at the fan
10. As the fan 10 is less dangerous than the compressor
4, which operates to compress refrigerant, in a case in
which the time changing unit 52 receives an abnormality
signal from the electric abnormality detection sensor 37,
the time changing unit 52 may set the restarting time tret
longer than the reference time tref.

[0044] Furthermore, in a case in which a communica-
tion abnormality may occur, the time changing unit 52
may change the restarting time tret. The communication
abnormality is, for example, an abnormality in a case in
which the refrigeration cycle control unit 51 does not re-
ceive a response signal from the compressor 4 to a con-
trol signal transmitted to the compressor 4. In this case,
the refrigeration cycle control unit 51 transmits an abnor-
mality signal that an abnormality has occurred in com-
mutation between the refrigeration cycle control unit 51
and the compressor 4 to the time changing unit 52. In a
case in which a cause of the communication abnormality
is a shortcircuitthat has occurred in an unillustrated com-
munication circuit, even when time elapses, an abnor-
mality state remains. It is thus more effective to perform
restart in an early stage than to make the restarting time
tret longer. For this reason, the time changing unit 52
makes the restarting time tret shorter than the reference
time tref. The detection unit 30 may have an unillustrated
sensor that detects a communication abnormality in each
of the devices that communicate with the controller 40.

[0045] A restarting time is considered below in a case
in which an abnormality of, for example, a compressor
that is among a plurality of devises provided to some air-
conditioning apparatus has been detected. When the de-
tected abnormality related to the compressor is falsely
detected, no more abnormality is detected after the com-
pressor is stopped for a short time such as several sec-
onds and then the compressor is restarted. However, in
a case in which the abnormality is not falsely detected
and the compressor has an actual abnormality, longer
restarting time is required than one in the case of false
detection. While the compressor is stopped, however,
operation of the air-conditioning apparatus is also
stopped. Once a restarting time matched to a serious
abnormality that requires long restarting time is set to all
detected abnormalities at the compressor among a plu-
rality of types of abnormalities that may occur at the com-
pressor, operation of the air-conditioning apparatus has
to be stopped longer than required even in a case of a
minor abnormality.

[0046] The air-conditioning apparatus according to
Embodiment 1 has the detection unit 30 configured to
detectan abnormality of a device such as the compressor
4 and the controller 40 configured to, when an abnormal-
ity is detected by the detection unit 30, stop the device
and then restart the device. The controller 40 includes
the time changing unit 52 and the restarting unit 53. The
time changing unit 52 changes, from the predetermined
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reference time tref, on the basis of a type of an abnor-
mality detected by the detection unit 30, the restarting
time tret from time when the device is stopped to time
when the device is restarted. The restarting unit 53 stops
the device and then, when the restarting time tret set by
the time changing unit 52 has elapsed, restarts the de-
vice.

[0047] Accordingto Embodiment 1, the restarting time
of a device is changed on the basis of a type of an ab-
normality that occurs at the device. Air-conditioning op-
eration is therefore prevented from being stopped for
longer time than required. For example, in a case in which
the type of the abnormality is an abnormality that the
pressure difference AP between a suction pressure and
a discharge pressure at the compressor 4 is high, the
restarting time tret is set shorter than the reference time
tref. For this reason, non-operation time during which op-
eration of the compressor 4 is stopped is shorter than
one in the case in which the restarting time tret is equal
to the reference time tref, so that stop time during which
air-conditioning operation remains stopped is reduced.

(Modification 1)

[0048] An air-conditioning apparatus according to
Modification 1 has an auxiliary devise provided to at least
one of a plurality of devices provided to the air-condition-
ing apparatus 1 and the auxiliary device supports oper-
ation of the at least one device. Maodification 1 is de-
scribed below with a case in which the auxiliary devise
of the compressor 4 is provided to the air-conditioning
apparatus 1.

[0049] A configuration of an air-conditioning apparatus
1a according to Modification 1 is described below. Fig. 5
is a refrigerant circuit diagram that illustrates an exem-
plary configuration of an air-conditioning apparatus ac-
cording to Modification 1. Fig. 6 is a functional block di-
agram that illustrates an exemplary configuration of a
controller illustrated in Fig. 5. The heat source-side unit
2 of the air-conditioning apparatus 1a according to Mod-
ification 1 has a compressor 4a and a compressor 4b.
The compressors 4a and 4b are arranged in parallel to
each other and connected to the four-way valve 5. The
compressor 4b operates as an auxiliary device to support
operation of the compressor 4a. The compressor 4b
stops while the compressor 4a is in operation. Further-
more, the compressor 4b may also be in operation while
the compressor 4a is in operation. In this case, the re-
frigeration cycle control unit 51 controls the compressors
4aand 4b suchthataload on the compressor 4b is lighter
than a load on the compressor 4a.

[0050] When the time changing unit 52 receives an ab-
normality signal related to the compressor 4a from the
detection unit 30, the time changing unit 52 sets the re-
starting time tret shorter than the reference time tref. This
is because, by shortening time to judge whether an ab-
normality has occurred at the compressor 4a, in a case
in which an abnormality has occurred at the compressor
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4a, restarts the compressor 4b, which is the auxiliary de-
vise, in an early stage so that air-conditioning operation
is allowed to continue.

[0051] Furthermore, as the compressors 4a and 4b in
Modification 1 each have the same configuration of the
compressor 4 described with reference to Fig. 1, their
detailed description is omitted. In addition, as the suction
pressure sensors 31a and 31b each have the same con-
figuration of the suction pressure sensor 31 described
with reference to Fig. 1, their detailed description is omit-
ted. As the discharge pressure sensors 32aand 32b each
have the same configuration of the discharge pressure
sensor 32 described with reference to Fig. 1, their de-
tailed description is omitted. As the discharge tempera-
ture sensors 33a and 33b each have the same configu-
ration of the discharge temperature sensor 33 described
with reference to Fig. 1, their detailed description is omit-
ted. As the electric abnormality detection sensors 34a
and 34b each have the same configuration of the electric
abnormality detection sensor 34 described with refer-
ence to Fig. 1, their detailed description is omitted.
[0052] Next, operation of the air-conditioning appara-
tus 1a according to Modification 1 is described below with
reference to Fig. 4. A case is described below in which
the compressor 4a is in operation and the compressor
4b stops. As step S101 is the same process described
with reference to Fig. 4, its description is omitted.
[0053] Instep S102, the time changing unit52 receives
an abnormality signal from the detection unit 30 and, in
a case in which a type of the abnormality is related to the
compressor 4a, sets the restarting time tret shorter than
the reference time tref. The time changing unit 52 trans-
mits information of the set restarting time tret to the re-
starting unit 53. The restarting unit 53 stops the compres-
sor 4a (step S103). The restarting unit 53 refers to time
measured by the timer 54 and judges whether an elapsed
time tthat has elapsed after the compressor 4ais stopped
is longer than or equal to the restarting time tret (step
S104).

[0054] When the elapsed time t has reached the re-
starting time tret, the restarting unit 53 restarts the com-
pressor 4a (step S105). The restarting unit 53 counts the
number of times of restart Cret and judges whether the
counted number of times of restart Cret is larger than or
equal to the reference number of times Cref (step S106).
When the number of times of restart Cret has reached
the reference number of times Cref, the restarting unit
53 conclusively determines that an abnormality has oc-
curred (step S107). The restarting unit 53 then performs
emergency operation in which the compressor 4b, which
is the auxiliary devise, is made to operate in place of the
compressor 4a. Specifically, the restarting unit 53 stops
restart of the compressor 4a and start the compressor
4b. Furthermore, the restarting unit 53 transmits informa-
tion that the compressor 4a is stopped and the compres-
sor 4b is started to the refrigeration cycle control unit 51.
[0055] The air-conditioning apparatus 1a according to
Modification 1 has the compressor 4b, which backs up
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operation of the compressor 4a. According to Modifica-
tion 1, the air-conditioning apparatus 1a conclusively de-
termines in short time whether a detected abnormality is
falsely detected and whether an abnormality has oc-
curred at the compressor 4a and shifts in short time to
the emergency operation, in which the compressor 4b,
which is the auxiliary device, is made to operate in place
of the compressor 4a. Time during which the air-condi-
tioning apparatus 1a has to be stopped is thus shortened.
As a result, comfortable air-conditioned environment re-
mains inside a room and comfort of auseris notimpaired.
[0056] A case is described above in Modification 1 in
which an auxiliary device provided to the air-conditioning
apparatus 1ais the compressor 4b. Furthermore, a de-
vice to which an auxiliary device is provided is not limited
to the compressor. In the air-conditioning apparatus 1a,
an auxiliary device may be provided to one or each of
the fans 9 and 10.

Embodiment 2

[0057] An air-conditioning apparatus according to Em-
bodiment 2 has a plurality of heat source-side units. In
Embodiment 2, the same reference signs are added to
the same components as those described in Embodi-
ment 1 and detailed description of these components is
omitted.

[0058] A configuration of an air-conditioning apparatus
according to Embodiment 2 is described below. Fig. 7 is
a refrigerant circuit diagram that illustrates an exemplary
configuration of an air-conditioning apparatus according
to Embodiment 2. Fig. 8 is a functional block diagram
that illustrates an exemplary configuration of a controller
illustrated in Fig. 7.

[0059] As illustrated in Fig. 7, an air-conditioning ap-
paratus 1b has heat source-side units 2a and 2b and the
load-side unit 3. The heat source-side units 2a and 2b
are arranged in parallel to each other and connected to
the load-side unit 3. In Embodiment 2, the heat source-
side unit 2b operates as an auxiliary device to support
operation of the heat source-side unit 2a. The heat
source-side unit 2b stops while the heat source-side unit
2ais in operation. The heat source-side unit 2b may also
be in operation while the heat source-side unit 2a is in
operation. In this case, the refrigeration cycle control unit
51 controls the heat source-side units 2a and 2b such
that a load on the heat source-side unit 2b is lighter than
a load on the heat source-side unit 2a.

[0060] When the time changing unit 52 receives an ab-
normality signal related to a device provided to the heat
source-side unit 2a from the detection unit 30, the time
changing unit 52 sets the restarting time tret shorter than
the reference time tref. This is because, by shortening
time to judge whether an abnormality has occurred at the
heat source-side unit 2a, in a case in which an abnor-
mality has occurred at the heat source-side unit 2a, re-
starts the heat source-side unit 2b, which is the auxiliary
devise, in an early stage so that air-conditioning opera-
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tion is allowed to continue.

[0061] Furthermore, as the four-way valves 5a and 5b
in Embodiment 2 each have the same configuration of
the four-way valve 5 described with reference to Fig. 1,
their detailed description is omitted. As the heat source-
side heat exchangers 6a and 6b each have the same
configuration of the heat source-side heat exchanger 6
described with reference to Fig. 1, their detailed descrip-
tion is omitted. As the fans 9a and 9b each have the same
configuration of the fan 9 described with reference to Fig.
1, their detailed description is omitted. As the refrigerant
pipes 11a and 11b each have the same configuration of
the refrigerant pipes 11 described with reference to Fig.
1, their detailed description is omitted.

[0062] In addition, a case is described in Embodiment
2 in which the controller 40 controls the heat source-side
units and 2a and 2b. Furthermore, the controller 40 may
be provided to each of the heat source-side units 2a and
2b. Furthermore, a case is described in Embodiment 2
in which the air-conditioning apparatus 1b has one heat
source-side unit 2b as the auxiliary device of the heat
source-side unit2a. Furthermore, the air-conditioning ap-
paratus 1b may have two or more auxiliary devices.
[0063] Next, operation of the air-conditioning appara-
tus 1b according to Embodiment 2 is described below.
Fig. 9 is a flowchart that illustrates an exemplary opera-
tional procedure of the air-conditioning apparatus ac-
cording Embodiment 2. As step S201 is the same process
of step S101 described with reference to Fig. 4, its de-
scription is omitted from Embodiment 2.

[0064] Instep S202, the time changing unit52 receives
an abnormality signal from the detection unit 30 and, in
a case in which a type of an abnormality is related to the
heat source-side unit 2a, sets the restarting time tret
shorter than the reference time tref. The time changing
unit 52 transmits information of the set restarting time tret
to the restarting unit 53. The restarting unit 53 stops the
heat source-side unit 2a (step S203). The restarting unit
53 refers to time measured by the timer 54 and judges
whether an elapsed time t that has elapsed after the heat
source-side unit 2a is stopped is longer than or equal to
the restarting time tret (step S204).

[0065] When the elapsed time t has reached the re-
starting time tret, the restarting unit 53 restarts the heat
source-side unit 2a (step S205). The restarting unit 53
counts the number of times of restart Cret of the heat
source-side unit 2a and judges whether the counted
number of times of restart Cret is larger than or equal to
the reference number of times Cref (step S206). When
the number of times of restart Cret has reached the ref-
erence number of times Cref, the restarting unit 53 con-
clusively determines that an abnormality has occurred
(step S207). The restarting unit 53 then performs emer-
gency operation in which the heat source-side unit 2b,
which is the auxiliary device of the heat source-side unit
2a, is made to operate in place of the heat source-side
unit 2a (step S208). Specifically, the restarting unit 53
stops restart of the heat source-side unit 2a and start the
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heat source-side unit 2b. Furthermore, the restarting unit
53 transmits information that the heat source-side unit
2a is stopped and the heat source-side unit 2b is started
to the refrigeration cycle control unit 51.

[0066] The air-conditioning apparatus 1b according to
Embodiment 2 has the heat source-side unit 2b, which
backs up operation of the heat source-side unit 2a. Ac-
cording to Embodiment 2, the air-conditioning apparatus
1b conclusively determines in short time whether a de-
tected abnormality is falsely detected and whether an
abnormality has occurred at the heat source-side unit 2a
and shifts in short time to the emergency operation, in
which the heat source-side unit 2b, which is the auxiliary
device, is made to operate in place of the heat source-
side unit 2a. Time during which the air-conditioning ap-
paratus 1b has to be stopped is thus shortened. As a
result, comfortable air-conditioned environment remains
inside a room and comfort of a user is not impaired.
[0067] A case is described in Embodiments 1 and 2 in
which the air-conditioning apparatus 1, 1a, and 1b are
each a split model that has a heat source-side unit and
a load-side unit split from each other. Furthermore, the
air-conditioning apparatus may be a remote model in
which a compressor is mounted to an indoor unit. In ad-
dition, a case is described in Embodiments 1 and 2 in
which the detection unit 30 judges whether an abnormal-
ity occurs. Furthermore, the time changing unit 52 may
judge whether an abnormality occurs by comparing a de-
tected value of each sensor with a threshold value set
for the detected value.

Reference Signs List

[0068] 1, 1a, 1b: air-conditioning apparatus, 2, 2a, 2b:
heat source-side unit, 3: load-side unit, 4, 4a, 4b: com-
pressor, 5, 5a, 5b: four-way valve, 6, 6a, 6b: heat source-
side heat exchanger, 7: expansion valve, 8: load-side
heat exchanger, 9, 9a, 9b: fan, 10: fan, 11, 11a, 11b:
refrigerant pipe, 20: refrigerant circuit, 30: detection unit,
31, 31a, 31b: suction pressure sensor, 32, 32a, 32b: dis-
charge pressure sensor, 33, 33a, 33b: discharge tem-
perature sensor, 34, 34a, 34b: electric abnormality de-
tection sensor, 35: room temperature sensor, 36: pres-
sure sensor, 37: electric abnormality detection sensor,
38: pressure difference sensor, 40: controller, 41: mem-
ory, 42: CPU, 51: refrigeration cycle control unit, 52: time
changing unit, 53: restarting unit, 54: timer

Claims
1. An air-conditioning apparatus comprising:

a detection unit configured to detect an abnor-
mality of a device; and

a controller configured to, when an abnormality
is detected by the detection unit, stop the device
and then restart the device,
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10

the controller having

a time changing unit configured to change, from
a reference time that is predetermined, based
on a type of an abnormality detected by the de-
tection unit, a restarting time from time when the
device is stopped to time when the device is re-
started, and

a restarting unit configured to restart the device
when the restarting time set by the time chang-
ing unit elapses after the device is stopped.

2. The air-conditioning apparatus of claim 1, wherein

the device comprises a compressor,

the detection unit has a pressure sensor config-
ured to detect a discharge pressure that is a
pressure of refrigerant discharged from the com-
pressor, and

the time changing unit is configured to make the
restarting time longer than the reference time in
a case in which the discharge pressure is higher
than or equal to a high-pressure threshold value
that is predetermined or in a case in which the
discharge pressure is lower than or equal to a
low-pressure threshold value thatis smallerthan
the high-pressure threshold value.

3. The air-conditioning apparatus of claim 1, wherein

the device comprises a compressor,

the detection unit has a pressure sensor config-
ured to detect a pressure difference between a
suction pressure that is a pressure of refrigerant
to be sucked into the compressor and a dis-
charge pressure that is a pressure of refrigerant
discharged from the compressor, and

the time changing unit is configured to make the
restarting time longer than the reference time in
a case in which the pressure difference is larger
than or equal to a high threshold value that is
predetermined and make the restarting time
shorter than the reference time in a case in which
the pressure difference is smaller than or equal
to a low threshold value that is smaller than the
high threshold value.

4. The air-conditioning apparatus of claim 1, wherein

the device comprises a compressor,

the detection unithas a temperature sensor con-
figured to detect a discharge temperature that
is a temperature of refrigerant discharged from
the compressor, and

the time changing unit is configured to make the
restarting time shorter than the reference time
in a case in which the discharge temperature is
higher than or equal to a refrigerant temperature
threshold value that is predetermined.
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The air-conditioning apparatus of claim 1, further
comprising

an auxiliary device configured to support oper-
ation related to the device, wherein

the time changing unit is configured to make the
restarting time of the device shorter than the ref-
erence time in a case in which the type of the
abnormality is an abnormality related to the de-
vice, and

the restarting unit is configured to restart the de-
vice the number of times that is predetermined
and then, when the restarting unit conclusively
determines that the device has an abnormality,
stop restart of the device and start the auxiliary
device.

The air-conditioning apparatus of claim 1, further
comprising a plurality of heat source-side units that
each have a compressor that corresponds to the de-
vice, wherein

the time changing unit is configured to set the
restarting time shorter than the reference time
of which a heat source-side unit of the plurality
of heat source-side units that has a device that
has the detected abnormality is a target device
to be restarted, and

the restarting unit is configured to restart the
heat source-side unit that is the target device to
be restarted the number of times that is prede-
termined and then, when the restarting unit con-
clusively determines that the heat source-side
unit that is the target device to be restarted has
an abnormality, stop restart of the heat source-
side unit that is the target device to be restarted
and start at least one heat source-side unit of
the plurality of heat source-side units that is not
the heat source-side unit that is the target de-
vice.
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