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(54) AIR CONDITIONER

(67)  An air-conditioning apparatus includes a refrig-
erant circuit in which a compressor, a flow switching de-
vice, an outdoor heat exchanger, an expansion device,
and an indoor heat exchanger are connected by pipes
and through which refrigerant flows, and a control device
controlling an operation of the refrigerant circuit to per-
form switching between a heating operation and a de-
frosting operation. The control device includes a deter-
mination unit that determines, based on operation infor-

mation regarding the refrigerant circuit, during the heat-
ing operation, whether to change a requirement for start-
ing the defrosting operation, a changing unitthat changes
the requirement for starting the defrosting operation in
accordance with a result of determination by the deter-
mination unit, and a switching unit that, when the require-
ment for starting the defrosting operation is satisfied,
causes the flow switching device to perform switching to
start the defrosting operation.
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Description
Technical Field

[0001] The present invention relates to an air-condi-
tioning apparatus that removes frost formed on an out-
door heat exchanger.

Background Art

[0002] An air-conditioning apparatus known in the art
includes a refrigerant circuit in which a compressor, a
flow switching device, an outdoor heat exchanger, an
expansion unit, and an indoor heat exchanger are con-
nected by pipes. In a heating operation, when a pressure
saturation temperature in the outdoor heat exchanger
functioning as an evaporator is at or below the dew point
temperature of outdoor air and is at or below the freezing
point of water, frost forms on the outdoor heat exchanger.
When the outdoor heat exchanger is frosted, the air-con-
ditioning apparatus performs a defrosting operation of
removing frost on the outdoor heat exchanger, thus re-
ducing worsening of the heat exchange performance of
the outdoor heat exchanger, which is caused by a frost
formation phenomenon.

[0003] PatentLiterature 1discloses an air-conditioning
apparatus including an outdoor heat-exchanger temper-
ature sensor, an outdoor air temperature sensor, and a
human body sensor. As described in Patent Literature 1,
when an output of the outdoor heat-exchanger temper-
ature sensor, and an output of the outdoor air tempera-
ture sensor meet requirements for starting the defrosting
operation and the human body sensor detects the ab-
sence of a person, the defrosting operation is started.
The apparatus with such a configuration is intended to
avoid performing the defrosting operation while a person
is present in an indoor space, and to maintain comforta-
bility.

Citation List
Patent Literature

[0004] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2011-185535

Summary of Invention
Technical Problem

[0005] The requirements for starting the defrosting op-
eration in the air-conditioning apparatus disclosed in Pat-
ent Literature 1 are fixed. If the requirements for starting
the defrosting operation are satisfied, the defrosting op-
eration will not be performed as long as a person is
present in the indoor space, resulting in worsening of the
heat exchange performance of the outdoor heat ex-
changer. As described above, the air-conditioning appa-
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ratus disclosed in Patent Literature 1 fails to accurately
determine whether to perform the defrosting operation.
[0006] The present invention has been made to solve
the above problem, and aims to provide an air-condition-
ing apparatus which determines whether to perform a
defrosting operation or not with a higher accuracy.

Solution to Problem

[0007] An air-conditioning apparatus according to an
embodiment of the present invention includes: a refrig-
erant circuit in which a compressor, a flow switching de-
vice, an outdoor heat exchanger, an expansion unit, and
an indoor heat exchanger are connected by pipes, and
through which refrigerant flows; and a control unit con-
figured to control an operation of the refrigerant circuit to
perform switching between a heating operation and a
defrosting operation. The control unit includes: a deter-
mination unit that determines, based on operation infor-
mation regarding the refrigerant circuit, during the heat-
ing operation, whether to change a requirement for start-
ing the defrosting operation or not; a changing unit that
changes the requirement for starting the defrosting op-
eration in accordance with a result of determination by
the determination unit; and a switching unit that, when
the requirement for starting the defrosting operation is
satisfied, causes the flow switching device to perform
switching such that the defrosting operation is started.

Advantageous Effects of Invention

[0008] According to the embodiment of the present in-
vention, the requirement for starting the defrosting oper-
ation is changed based on the determination result based
on the operation information. It can be therefore possible
to accurately determine whetherto perform the defrosting
operation or not.

Brief Description of Drawings
[0009]

[Fig. 1] Fig. 1 is a circuit diagram illustrating an air-
conditioning apparatus 1 according to Embodiment
1 of the present invention.

[Fig. 2] Fig. 2 is a block diagram illustrating a control
device 30 of the air-conditioning apparatus 1 accord-
ing to Embodiment 1 of the present invention.

[Fig. 3] Fig. 3 is a flowchart illustrating an operation
of the air-conditioning apparatus 1 according to Em-
bodiment 1 of the present invention.

[Fig. 4] Fig. 4 is a block diagram illustrating a control
unit 130 of an air-conditioning apparatus 100 accord-
ing to Embodiment 2 of the present invention.

[Fig. 5] Fig. 5 is a block diagram illustrating a control
unit 230 of an air-conditioning apparatus 200 accord-
ing to Embodiment 3 of the present invention.

[Fig. 6] Fig. 6 is a block diagram illustrating a control
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unit 330 of an air-conditioning apparatus 300 accord-
ing to Embodiment 4 of the present invention.

[Fig. 7] Fig. 7 is a flowchart illustrating an operation
of the air-conditioning apparatus 300 according to
Embodiment 4 of the present invention.

[Fig. 8] Fig. 8 is a block diagram illustrating a control
unit430 of an air-conditioning apparatus 400 accord-
ing to Embodiment 5 of the present invention.

[Fig. 9] Fig. 9 is a flowchart illustrating an operation
of the air-conditioning apparatus 400 according to
Embodiment 5 of the present invention.

Description of Embodiments
Embodiment 1

[0010] Embodiments of an air-conditioning apparatus
according to the present invention will be described be-
low with reference to the drawings. Fig. 1 is a circuit di-
agramiillustrating an air-conditioning apparatus 1 accord-
ing to Embodiment 1 of the present invention. The air-
conditioning apparatus 1 will now be described with ref-
erence to Fig. 1. Asillustrated in Fig. 1, the air-condition-
ing apparatus 1 includes an outdoor unit 2, an indoor unit
3, and a remote controller 4. The outdoor unit 2, which
is disposed in an outdoor space, includes a compressor
6, a flow switching device 7, an outdoor heat exchanger
8, an outdoor fan 8a, an expansion device 9, an outdoor
temperature detection device 21, an outdoor heat-ex-
changer temperature detection device 22, and an out-
door control board 30a. The indoor unit 3, which is dis-
posed in an indoor space, includes an indoor heat ex-
changer 10, an indoor fan 10a, an indoor temperature
detection unit 23, a human body detection device 24, and
an indoor control board 30b. The compressor 6, the flow
switching device 7, the outdoor heat exchanger 8, the
expansion device 9, and the indoor heat exchanger 10
are connected by pipes, thus forming a refrigerant circuit
5 through which refrigerant flows. The outdoor control
board 30a and the indoor control board 30b are included
in a control device 30.

[0011] The compressor 6 compresses the refrigerant.
The flow switching device 7 performs switching between
flowing directions of the refrigerant in the refrigerant cir-
cuit 5. To be more specific, the flow switching device 7
performs the switching to cause the refrigerant dis-
charged from the compressor 6 to flow to the outdoor
heat exchanger 8 or the indoor heat exchanger 10, thus
performing any of a cooling operation, a heating opera-
tion, and a defrosting operation. The outdoor heat ex-
changer 8 exchanges heat between the refrigerant and
outdoor air. The outdoor fan 8a sends the outdoor air to
the outdoor heat exchanger 8. The expansion device 9
expands and decompresses the refrigerant. For exam-
ple, the expansion device 9is a solenoid expansion valve
whose opening degree is adjusted. The indoor heat ex-
changer 10 exchanges heat between the refrigerant and
indoor air. The indoor fan 10a sends the indoor air to the

10

15

20

25

30

35

40

45

50

55

indoor heat exchanger 10.

[0012] The outdoor temperature detection device 21
detects an outdoor temperature. The outdoor heat-ex-
changer temperature detection device 22 detects the
temperature of the outdoor heat exchanger 8. The indoor
temperature detection unit 23 detects an indoor temper-
ature. The human body detection device 24 detects the
presence or absence of a human body. The outdoor con-
trol board 30a controls components of the outdoor unit
2, and the indoor control board 30b controls components
of the indoor unit 3. The outdoor control board 30a and
the indoor control board 30b are connected by an inter-
connecting communication line 30c, through which sig-
nals are transmitted and received between the control
boards.

[0013] The remote controller 4 is connected to the in-
door control board 30b by a remote control line 4a,
through which the remote controller 4 transmits and re-
ceives signals to/from the indoor control board 30b. For
example, the remote controller 4 transmits a stop signal
to stop an operation of the refrigerant circuit 5 to the in-
door control board 30b, so that the indoor unit 3 and the
outdoor unit 2 stop. In addition, the remote controller 4
transmits a start signal to start the operation of the refrig-
erant circuit 5 to the indoor control board 30b, so that the
indoor unit 3 and the outdoor unit 2 start to operate.
[0014] Fig. 2 is a block diagram illustrating the control
device 30 of the air-conditioning apparatus 1 according
to Embodiment 1 of the present invention. The control
device 30 will now be described. In Embodiment 1, the
control device 30, which is, for example, a central
processing unit (CPU), includes the outdoor control
board 30a and the indoor control board 30b as described
above. The control device 30 may be a single control
board. In this case, the control device 30 may be disposed
in either one of the outdoor unit 2 and the indoor unit 3.
Furthermore, the control device 30 may be disposed out-
side the outdoor unit 2 and the indoor unit 3. As illustrated
in Fig. 2, the control device 30 includes a storage unit
31, a determination unit 32, a changing unit 33, and a
switching unit 34.

[0015] The storage unit 31 stores, for example, an out-
door heat-exchanger temperature threshold necessary
for a requirement for starting the defrosting operation.
The requirement for starting the defrosting operation is
that the temperature of the outdoor heat exchanger 8 is
at or below the outdoor heat-exchanger temperature
threshold in the heating operation in which the outdoor
heat exchanger 8 functions as an evaporator. A pro-
longed heating operation results in a reduction in pres-
sure saturation temperature in the outdoor heat exchang-
er 8 functioning as an evaporator. When the pressure
saturation temperature in the outdoor heat exchanger 8
is at or below the dew-point temperature of the outdoor
air and is at or below the freezing point of water, frost
forms on the outdoor heat exchanger 8. Upon frost for-
mation on the outdoor heat exchanger 8, the air-condi-
tioning apparatus 1 performs the defrosting operation of
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removing the frost formed on the outdoor heat exchanger
8, thus reducing worsening of the heat exchange per-
formance of the outdoor heat exchanger 8 which is
caused by such a frost formation phenomenon. Although
the requirement for starting the defrosting operation in
Embodiment 1 is a reduction temperature of the outdoor
heat exchanger 8, the requirement is not limited to it. For
example, the requirement may be a reduction in outdoor
temperature.

[0016] The determination unit 32 determines, based
on operation information about the refrigerant circuit 5,
during the heating operation, whether to change the re-
quirement for starting the defrosting operation or not. In
Embodiment 1, the operation information is a tempera-
ture detected by the outdoor temperature detection de-
vice 21. Specifically, the determination unit 32 deter-
mines whether or not the temperature detected by the
outdoor temperature detection device 21 is at or below
an outdoor temperature threshold.

[0017] The changing unit 33 changes the requirement
for starting the defrosting operation in accordance with
the result of determination by the determination unit 32.
In Embodiment 1, the operation information is the tem-
perature detected by the outdoor temperature detection
device 21. Specifically, when the determination unit 32
determines that the temperature detected by the outdoor
temperature detection device 21 is at or below the out-
door temperature threshold, the changing unit 33 chang-
es the requirement for starting the defrosting operation.
[0018] As described above, the requirement for start-
ing the defrosting operation in Embodiment 1 is that the
temperature of the outdoor heat exchanger 8 is at or be-
low the outdoor heat-exchanger temperature threshold
in the heating operation in which the outdoor heat ex-
changer 8 functions as an evaporator. During the heating
operation, the changing unit 33 changes, based on the
operation information regarding the refrigerant circuit 5,
the outdoor heat-exchanger temperature threshold to an
outdoor heat-exchanger temperature relaxed threshold,
which is higher than the outdoor heat-exchanger temper-
ature threshold. Thex1 < Thex2 where Thex1 is the out-
door heat-exchanger temperature threshold, and Thex2
is the outdoor heat-exchanger temperature relaxed
threshold. Consequently, when the temperature of the
outdoor heat exchanger 8 decreases in the heating op-
eration, it reaches the outdoor heat-exchanger temper-
ature relaxed threshold Thex2 before reaching the out-
door heat-exchanger temperature threshold Thex1. That
is, the requirement for starting the defrosting operation
based on the outdoor heat-exchanger temperature re-
laxed threshold Thex2 is less strict than that based on
the outdoor heat-exchanger temperature threshold
Thex1. When the outdoor heat-exchanger temperature
relaxed threshold Thex2 is applied, the defrosting oper-
ation starts earlier.

[0019] Asdescribed above, when itis determined that
the temperature detected by the outdoor temperature de-
tection device 21 is at or below the outdoor temperature
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threshold, the outdoor heat-exchanger temperature
threshold is changed to the outdoor heat-exchanger tem-
perature relaxed threshold. Consequently, when the out-
door temperature is low, it is determined that the outdoor
heat exchanger 8 is highly likely to have been frosted,
readily causing the defrosting operation to be performed.
[0020] The changing unit 33 further has a function of
changing the requirement for starting the defrosting op-
eration in accordance with the result of detection by the
human body detection device 24. In Embodiment 1, when
the human body detection device 24 detects the absence
of a person during the heating operation, the changing
unit 33 changes the outdoor heat-exchanger tempera-
ture threshold to the outdoor heat-exchanger tempera-
ture relaxed threshold, which is higher than the outdoor
heat-exchanger temperature threshold. Consequently,
in the absence of a person, it is determined that the heat-
ing operation is highly likely to have been unnecessary,
readily causing the defrosting operation to be performed.
[0021] Whentherequirementfor starting the defrosting
operation stored in the storage unit 31 is satisfied, the
switching unit 34 causes the flow switching device 7 to
perform switching such that the defrosting operation is
started. The requirement for starting the defrosting op-
eration is that the temperature of the outdoor heat ex-
changer 8 is at or below the outdoor heat-exchanger tem-
perature threshold in the heating operation in which the
outdoor heat exchanger 8 functions as an evaporator.
Where the requirement for starting the defrosting oper-
ation is not changed by the changing unit 33, the switch-
ing unit 34 causes the flow switching device 7 to perform
switching when the temperature of the outdoor heat ex-
changer 8 detected by the outdoor heat-exchanger tem-
perature detection device 22 is at or below the outdoor
heat-exchanger temperature threshold. On the other
hand, where the requirement for starting the defrosting
operation is changed by the changing unit 33, the switch-
ing unit 34 causes the flow switching device 7 to perform
switching when the temperature of the outdoor heat ex-
changer 8 detected by the outdoor heat-exchanger tem-
perature detection device 22 is at or below the outdoor
heat-exchanger temperature relaxed threshold.

[0022] The control device 30 further performs switch-
ing between a thermo-off state and a thermo-on state.
Specifically, the control device 30 compares an actual
indoor temperature U: i degrees C with a settemperature
V: j degrees C, and determines whether to continue to
operate the outdoor unit 2 and the indoor unit 3 or not.
The actual indoor temperature U is a temperature detect-
ed by the indoor temperature detection unit 23. The set
temperature V is a target indoor temperature set through
the remote controller 4 by, for example, a user. When
the actual indoor temperature U is at or above the set
temperature V (i > j) in the heating operation, the control
device 30 including the outdoor control board 30a and
the indoor control board 30b determines that a heating
capacity required by the user is ensured, and performs
switching to the thermo-off state to temporarily stop the
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operation. Atthis time, the stoppedindoor unit 3 transmits
a thermo-off signal to the control device 30.

[0023] In the thermo-off state, the control device 30
continues to operate. When the actual indoor tempera-
ture U is below the set temperature V (i <j) in the thermo-
off state, the control device 30 including the outdoor con-
trol board 30a and the indoor control board 30b deter-
mines that the heating capacity required by the user is
lacking, and performs switching to the thermo-on state
to resume the operation. At this time, the indoor unit 3
that has resumed the operation transmits a thermo-on
signal to the control device 30.

[0024] Operation modes of the air-conditioning appa-
ratus 1 will now be described.

As the operation modes of the air-conditioning apparatus
1, a cooling operation, the heating operation, and the
defrosting operation are present. In the cooling operation,
the refrigerant flows through the compressor 6, the flow
switching device 7, the outdoor heat exchanger 8, the
expansion device 9, and the indoor heat exchanger 10
in that order. The refrigerant exchanges heat with indoor
air in the indoor heat exchanger 10, thus cooling the in-
door air. In the heating operation, the refrigerant flows
through the compressor 6, the flow switching device 7,
the indoor heat exchanger 10, the expansion device 9,
and the outdoor heat exchanger 8 in that order. The re-
frigerant exchanges heat with indoor airin the indoor heat
exchanger 10, thus heating the indoor air. In the defrost-
ing operation, the refrigerant flows through the compres-
sor 6, the flow switching device 7, the outdoor heat ex-
changer 8, the expansion device 9, and the indoor heat
exchanger 10 in that order, thus removing frost formed
on the outdoor heat exchanger 8.

[0025] An operation of the air-conditioning apparatus
1in each of the operation modes will be described below.
The cooling operation will now be described. In the cool-
ing operation, the refrigerant taken in the compressor 6
is compressed into a high temperature and high pressure
gas refrigerant, and is then discharged from the com-
pressor 6. The high temperature and high pressure gas
refrigerant discharged from the compressor 6 passes
through the flow switching device 7 and flows into the
outdoor heat exchanger 8, in which the refrigerant ex-
changes heat with the outdoor air sent by the outdoor
fan 8a and is thus condensed and liquefied. The con-
densed and liquefied refrigerant flows into the expansion
device 9, in which the refrigerant is expanded and de-
compressed such that the refrigerant is made to be in a
two-phase gas-liquid state. The refrigerant being in the
two-phase gas-liquid state flows into the indoor heat ex-
changer 10, in which the refrigerant exchanges heat with
the indoor air and is thus evaporated and gasified. At this
time, the indoor air is cooled, thus performing cooling.
The evaporated and gasified refrigerant passes through
the flow switching device 7 and is taken in the compressor
6.

[0026] The heating operation will now be described. In
the heating operation, the refrigerant taken in the com-
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pressor 6 is compressed into a high temperature and
high pressure gas refrigerant, and is then discharged
from the compressor 6. The high temperature and high
pressure gas refrigerant discharged from the compressor
6 passes through the flow switching device 7 and flows
into theindoor heat exchanger 10, in which the refrigerant
exchanges heat with the indoor air sent by the indoor fan
10a and is thus condensed and liquefied. At this time,
the indoor air is heated, thus performing heating. The
condensed and liquefied refrigerant flows into the expan-
sion device 9, in which the refrigerant is expanded and
decompressed such that the refrigerant is made to be in
atwo-phase gas-liquid state. The refrigerant being in the
two-phase gas-liquid state flows into the outdoor heat
exchanger 8, in which the refrigerant exchanges heat
with the outdoor air and is thus evaporated and gasified.
The evaporated and gasified refrigerant passes through
the flow switching device 7 and is taken in the compressor
6.

[0027] The defrosting operation will now be described.
In the heating operation of the air-conditioning apparatus
1, frost may form on the outdoor heat exchanger 8. The
defrosting operation is performed to remove such frost.
In the defrosting operation, the refrigerant taken in the
compressor 6 is compressed into a high temperature and
high pressure gas refrigerant and is then discharged from
the compressor 6. The high temperature and high pres-
sure gas refrigerant discharged from the compressor 6
passes through the flow switching device 7 and flows into
the outdoor heat exchanger 8 to melt frost formed on the
outdoor heat exchanger 8.

The refrigerant exchanges heat with the outdoor air and
is thus condensed and liquefied in the outdoor heat ex-
changer 8. The condensed and liquefied refrigerant flows
into the expansion device 9. At this time, the expansion
device 9is fully opened, and the refrigerant flows into the
indoor heat exchanger 10 while kept liquefied. The re-
frigerant kept liquefied flows into the indoor heat ex-
changer 10, in which the refrigerant exchanges heat with
the indoor air and is thus evaporated and gasified. The
evaporated and gasified refrigerant passes through the
flow switching device 7 and is taken in the compressor 6.
[0028] Fig. 3 is a flowchart illustrating an operation of
the air-conditioning apparatus 1 according to Embodi-
ment 1 of the present invention. An operation of the con-
trol device 30 of the air-conditioning apparatus 1 accord-
ing to Embodiment 1 will now be described. Referring to
Fig. 3, upon start of the heating operation, the determi-
nation unit 32 determines whether or not a temperature
detected by the outdoor temperature detection device 21
is at or below the outdoor temperature threshold (step
ST1). If the temperature detected by the outdoor temper-
ature detection device 21 is above the outdoor temper-
ature threshold (No in step ST1), itis determined whether
or not a temperature of the outdoor heat exchanger 8
detected by the outdoor heat-exchanger temperature de-
tection device 22 is ator below the outdoor heat-exchang-
er temperature threshold (step ST2). If the temperature
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ofthe outdoor heat exchanger 8 is at or below the outdoor
heat-exchanger temperature threshold (Yes in step
ST2), the switching unit 34 causes the flow switching
device 7 to perform switching to start the defrosting op-
eration. If the temperature of the outdoor heat exchanger
8 is above the outdoor heat-exchanger temperature
threshold (No in step ST2), the process returns to step
ST1.

[0029] Ifthe temperature detected by the outdoor tem-
perature detection device 21 is at or below the outdoor
temperature threshold (Yesin step ST1), the human body
detection device 24 detects the presence or absence of
a human body (step ST3). If the presence of a person in
theindoor space is detected (No in step ST3), the process
proceeds to step ST2. If the absence of a person is de-
tected (Yes in step ST3), the changing unit 33 changes
the outdoor heat-exchanger temperature threshold to the
outdoor heat-exchanger temperature relaxed threshold,
which is higher than the outdoor heat-exchanger temper-
ature threshold. It is determined whether or not the tem-
perature of the outdoor heat exchanger 8 detected by
the outdoor heat-exchanger temperature detection de-
vice 22 is at or below the outdoor heat-exchanger tem-
perature relaxed threshold (step ST4). If the temperature
ofthe outdoor heat exchanger 8 is at or below the outdoor
heat-exchanger temperature relaxed threshold (Yes in
step ST4), the switching unit 34 causes the flow switching
device 7 to perform switching to start the defrosting op-
eration. If the temperature of the outdoor heat exchanger
8 is above the outdoor heat-exchanger temperature re-
laxed threshold (No in step ST4), the process returns to
step ST1.

[0030] In Embodiment 1, the requirement for starting
the defrosting operation is changed on the basis of the
result of determination based on the operation informa-
tion. An air-conditioning apparatus known in the art has
a fixed requirement for starting the defrosting operation.
Assuming that the requirement for starting the defrosting
operation is fixed, even when the requirement for starting
the defrosting operation is satisfied, the defrosting oper-
ation would not be performed as long as a person is
present in the indoor space, thus worsening the heat ex-
change performance of the outdoor heat exchanger 8.
As a result, it would be difficult to accurately determine
whether to perform the defrosting operation or not. In
contrast, according to Embodiment 1, since the require-
ment for starting the defrosting operation is changed on
the basis of the result of determination based on the op-
eration information, it is possible to accurately determine
whether to perform the defrosting operation or not. Fur-
thermore, an air-conditioning apparatus known in the art
determines, only based on the presence or absence of
a person, whether to start the defrosting operation or not.
Then, suppose this air-conditioning apparatus is set such
that the defrosting operation tends to be performed when
a person is absent. In this case, if the outdoor tempera-
ture is high, even when ordinarily, defrosting is unneces-
sary, the defrosting operation may frequently be per-

10

15

20

25

30

35

40

45

50

55

formed, causing a reduction in indoor temperature. In
contrast, according to Embodiment 1, since the require-
ment for starting the defrosting operation is changed on
the basis of the result of determination based on the op-
eration information, this can inhibit an unnecessary de-
frosting operation, or idle defrosting, from being frequent-
ly performed.

[0031] The air-conditioning apparatus further includes
the human body detection device 24 that detects the
presence or absence of a human body. The changing
unit 33 changes the requirement for starting the defrost-
ing operation in accordance with the result of determina-
tion by the determination unit 32 and the result of detec-
tion by the human body detection device 24. Conse-
quently, when for example, a person is absent, and the
heating capacity is thus unnecessary, the defrosting op-
eration is actively performed to the extent that idle de-
frosting is not frequently performed. In the presence of a
user in the indoor space, therefore, the comfortability for
the user is not lost.

[0032] The air-conditioning apparatus further includes
the outdoor heat-exchanger temperature detection de-
vice 22 that detects the temperature of the outdoor heat
exchanger 8. The requirement for starting the defrosting
operation is that a temperature detected by the outdoor
heat-exchanger temperature detection device 22 is at or
below the outdoor heat-exchanger temperature thresh-
old. During the heating operation, the changing unit 33
changes, based on the operation information regarding
the refrigerant circuit 5, the outdoor heat-exchanger tem-
perature threshold to the outdoor heat-exchanger tem-
perature relaxed threshold, which is higher than the out-
door heat-exchanger temperature threshold. As de-
scribed above, it is possible to determine whether or not
to perform defrosting by determining the temperature of
the outdoor heat exchanger 8.

[0033] The air-conditioning apparatus further includes
the outdoor temperature detection device 21 that detects
an outdoor temperature. The operation information is a
temperature detected by the outdoor temperature detec-
tion device 21. The determination unit 32 determines
whether or not the temperature detected by the outdoor
temperature detection device 21 is at or below the out-
door temperature threshold. The changing unit 33 chang-
es the requirement for starting the defrosting operation
when the determination unit 32 determines that the tem-
perature detected by the outdoor temperature detection
device 21 is at or below the outdoor temperature thresh-
old. As described above, it is possible to more accurately
determine whether or not to perform defrosting by deter-
mining the outdoor temperature.

Embodiment 2

[0034] Fig. 4 is a block diagram illustrating a control
unit 130 of an air-conditioning apparatus 100 according
to Embodiment 2 of the present invention. Embodiment
2 differs from Embodiment 1 in that operation information
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is an operation frequency of the compressor 6. In Em-
bodiment 2, the same components as those in Embodi-
ment 1 are denoted d by the same reference signs, and
an explanation of these components will be omitted. The
following description will be made mainly by referring to
differences between these Embodiments.

[0035] As illustrated in Fig. 4, the air-conditioning ap-
paratus 100 includes a frequency detection device 125.
The frequency detection device 125 detects an operation
frequency of the compressor 6. In Embodiment 2, the
operation information is the operation frequency detect-
ed by the frequency detection device 125. A determina-
tion unit 132 determines whether or not the operation
frequency detected by the frequency detection device
125 is at or above a frequency threshold. When the op-
eration frequency of the compressor 6 is high, the amount
of heat exchange in the outdoor heat exchanger 8 is in-
creased, and the amount of frost formed on the outdoor
heatexchanger 8 can thus be considered to be increased
accordingly. When the determination unit 132 deter-
mines that the operation frequency detected by the fre-
quency detection device 125 is at or above the frequency
threshold, a changing unit 133 changes the outdoor heat-
exchanger temperature threshold to the outdoor heat-
exchanger temperature relaxed threshold, which is high-
er than the outdoor heat-exchanger temperature thresh-
old, so that, as described above, when the operation fre-
quency of the compressor 6 is high, it is determined that
the outdoor heat exchanger 8 is highly likely to have been
frosted, and the defrosting operationis readily performed.
[0036] The air-conditioning apparatus according to
Embodiment 2 further includes the frequency detection
device 125 that detects the operation frequency of the
compressor 6. The operation information is the operation
frequency detected by the frequency detection device
125. The determination unit 132 determines whether or
not the operation frequency detected by the frequency
detection device 125 is at or above the frequency thresh-
old. The changing unit 133 changes the requirement for
starting the defrosting operation when the determination
unit 132 determines that the operation frequency detect-
ed by the frequency detection device 125 is at or above
the frequency threshold. The same advantages as those
of Embodiment 1 are achieved in the above-described
use of the operation information indicating the operation
frequency of the compressor 6.

Embodiment 3

[0037] Fig. 5 is a block diagram illustrating a control
unit 230 of an air-conditioning apparatus 200 according
to Embodiment 3 of the present invention. Embodiment
3 differs from Embodiments 1 and 2 in that operation
information is an operation time period of the defrosting
operation. In Embodiment 3, the same components as
those in Embodiments 1 and 2 are denoted by the same
reference signs and an explanation of these components
is omitted. The following description will be made mainly
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by referring to differences between Embodiment 3 and
Embodiments 1 and 2.

[0038] As illustrated in Fig. 5, the air-conditioning ap-
paratus 200 includes a time measurement device 226.
The time measurement device 226 measures the oper-
ation time period of the defrosting operation. In Embod-
iment 3, the operation information is the operation time
period of the defrosting operation measured by the time
measurement device 226. A determination unit 232 de-
termines whether or not an operation time period of the
preceding defrosting operation measured by the time
measurement device 226 is at or above a time threshold.
If the operation time period of the preceding defrosting
operation is long, it is presumed that the amount of frost
formed on the outdoor heat exchanger 8 is still likely to
increase. When the determination unit 232 determines
that the operation time period of the preceding defrosting
operation measured by the time measurement device
226 is at or above the time threshold, a changing unit
233 changes the outdoor heat-exchanger temperature
threshold to the outdoor heat-exchanger temperature re-
laxed threshold, which is higher than the outdoor heat-
exchanger temperature threshold, so that, as described
above, when the operation time period of the preceding
defrosting operation is long, it is determined that the out-
door heatexchanger 8is highly likely to have been frosted
and the defrosting operation is readily performed.
[0039] The air-conditioning apparatus according to
Embodiment 3 further includes the time measurement
device 226 that measures an operation time period of
the defrosting operation. The operation information is the
operation time period measured by the time measure-
ment device 226. The determination unit 232 determines
whether or not an operation time period of the preceding
defrosting operation measured by the time measurement
device 226 is at or above the time threshold. When the
determination unit232 determines that the operation time
period of the preceding defrosting operation measured
by the time measurement device 226 is at or above the
time threshold, the requirementfor starting the defrosting
operation is changed. In such a manner, the operation
information is the operation time of the defrosting oper-
ation, and the same advantages as in Embodiments 1
and 2 are also achieved using the operation information.

Embodiment 4

[0040] Fig. 6 is a block diagram illustrating a control
unit 330 of an air-conditioning apparatus 300 according
to Embodiment 4 of the present invention. Embodiment
4 differs from Embodiment 1 in that the control unit 330
includes a signal determination unit 335. In Embodiment
4, the same components as those in Embodiments 1 to
3 are denoted by the same reference signs and an ex-
planation of these components is omitted. The following
description will be made mainly by referring to differences
between Embodiment 4 and Embodiments 1 to 3.

[0041] As illustrated in Fig. 6, the control unit 330 in-
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cludes the signal determination unit 335. The signal de-
termination unit 335 allows starting the defrosting oper-
ation upon receiving a stop signal from the remote con-
troller 4. The heating operation is continued unless the
signal determination unit 335 receives the stop signal
from the remote controller 4. In Embodiment 4, the re-
quirementfor starting the defrosting operationis changed
based on operation information indicating a temperature
detected by the outdoor temperature detection device
21. The requirement for starting the defrosting operation
is not changed based on the result of detection by the
human body detection device 24.

[0042] InEmbodiment4,afterthe requirementfor start-
ing the defrosting operation is changed, the defrosting
operation is kept in a standby state even if the changed
requirement for starting the defrosting operation is satis-
fied. If the signal determination unit 335 has received a
stop signal, the standby state of the defrosting operation
is left. The defrosting operation is started before the op-
eration of the air-conditioning apparatus 300 is stopped.
On the other hand, if the signal determination unit 335
has not received the stop signal, the standby state of the
defrosting operation is maintained, and the operation of
the air-conditioning apparatus 300 is stopped.

[0043] Fig. 7 is a flowchart illustrating an operation of
the air-conditioning apparatus 300 according to Embod-
iment 4 of the present invention. An operation of the con-
trol unit 330 of the air-conditioning apparatus 300 accord-
ing to Embodiment 4 will now be described. Referring to
Fig. 7, upon start of the heating operation, itis determined
whether or not a temperature of the outdoor heat ex-
changer 8 detected by the outdoor heat-exchanger tem-
perature detection device 22 is at or below the outdoor
heat-exchanger temperature threshold (step ST11). If
the temperature of the outdoor heat exchanger 8 is at or
below the outdoor heat-exchanger temperature thresh-
old (Yes in step ST11), the switching unit 34 causes the
flow switching device 7 to perform switching to start the
defrosting operation.

[0044] Ifthe temperature of the outdoor heat exchang-
er 8 is above the outdoor heat-exchanger temperature
threshold (No in step ST11), the determination unit 32
determines whether or not a temperature detected by the
outdoor temperature detection device 21 is at or below
the outdoor temperature threshold (step ST12). If the
temperature detected by the outdoor temperature detec-
tion device 21 is above the outdoor temperature thresh-
old (No in step ST12), the signal determination unit 335
determines whether a stop signal has been received from
the remote controller 4 or not (step ST13). If the stop
signal has been received (Yes in step ST13), the oper-
ation of the air-conditioning apparatus 300 is stopped.
This is because the outdoor temperature is high and it is
presumed that the outdoor heat exchanger 8 has not
been frosted. If the stop signal has not been received
(No in step ST13), the process returns to step ST11.
[0045] Instep ST12,ifthe temperature detected by the
outdoor temperature detection device 21 is at or below
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the outdoor temperature threshold (Yes in step ST12),
the changing unit 33 changes the outdoor heat-exchang-
er temperature threshold to the outdoor heat-exchanger
temperature relaxed threshold, which is higher than the
outdoor heat-exchanger temperature threshold. It is de-
termined whether or not the temperature of the outdoor
heat exchanger 8 detected by the outdoor heat-exchang-
er temperature detection device 22 is at or below the
outdoor heat-exchanger temperature relaxed threshold
(step ST14). If the temperature of the outdoor heat ex-
changer 8 is at or below the outdoor heat-exchanger tem-
perature relaxed threshold (Yes in step ST14), the signal
determination unit 335 determines whether the stop sig-
nal has been received from the remote controller 4 or not
(step ST15). If the stop signal has been received (Yes in
step ST15), the switching unit 34 causes the flow switch-
ing device 7 to perform switching to start the defrosting
operation. After that, the operation of the air-conditioning
apparatus 300 is stopped. If the stop signal has not been
received (No in step ST15), the process returns to step
ST11. This is because the outdoor temperature is low
and it is presumed that the outdoor heat exchanger 8 is
likely to have been frosted.

[0046] If the temperature of the outdoor heat exchang-
er 8 is above the outdoor heat-exchanger temperature
relaxed threshold (No in step ST14), the signal determi-
nation unit 335 determines whether the stop signal has
been received from the remote controller 4 or not (step
ST16). If the stop signal has been received (Yes in step
ST16), the operation of the air-conditioning apparatus
300 is stopped. If the stop signal has not been received
(No in step ST16), the process returns to step ST11 for
the following reason: although because of a low outdoor
temperature, it is presumed that the outdoor heat ex-
changer 8 is likely to have been frosted, the stop signal
has not been received and it is presumed that the user
requires the heating operation.

[0047] The air-conditioning apparatus according to
Embodiment 4 further includes the remote controller 4
that transmits a stop signal to stop the operation of the
refrigerant circuit 5. The control unit 330 further includes
the signal determination unit 335 that allows starting the
defrosting operation upon receiving the stop signal from
the remote controller 4. The switching unit 34 causes,
when the signal determination unit 335 allows starting
the defrosting operation, the flow switching device 7 to
perform switching to start the defrosting operation. Con-
sequently, when the user does not require the heating
operation, the defrosting operation is actively performed,
so that the heating capacity to be used when the heating
operation is again required can be saved. Therefore, Em-
bodiment 4 can obtain an advantage in which the com-
fortability for the user can be improved, in addition to the
advantages obtained in Embodiment 1.

[0048] In Embodiment 4, the requirement for starting
the defrosting operation may be changed based not only
on operation information but on the result of detection
result by the human body detection device 24 as in Em-
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bodiment 1. Furthermore, in Embodiment 4, the opera-
tion information may be the operation frequency of the
compressor 6 as in Embodiment 2 or may be the oper-
ation time period of the defrosting operation as in Em-
bodiment 3.

Embodiment 5

[0049] Fig. 8 is a block diagram illustrating a control
unit 430 of an air-conditioning apparatus 400 according
to Embodiment 5 of the present invention. Embodiment
5 differs from Embodiment 4 in that a signal determination
unit 435 determines whether to allow the defrosting op-
eration in response to determining whether a thermo-off
signal has been received or not. In Embodiment 5, the
same components as those in Embodiments 1 to 4 are
denoted by the same reference signs and an explanation
of these components will be omitted. The following de-
scription will be made mainly by referring to differences
between Embodiment 5 and Embodiments 1 to 4.
[0050] As illustrated in Fig. 8, the control unit 430 in-
cludes the signal determination unit 435. The signal de-
termination unit 435 allows starting the defrosting oper-
ation upon receiving a thermo-off signal from the indoor
unit 3. The heating operation is continued unless the sig-
nal determination unit 435 receives the thermo-off signal.
In Embodiment 5, the requirement for starting the de-
frosting operation is changed based on operation infor-
mation indicating a temperature detected by the outdoor
temperature detection device 21. The requirement for
starting the defrosting operation in Embodiment 5 is not
changed based on the result of detection by the human
body detection device 24.

[0051] InEmbodiment5, afterthe requirementfor start-
ing the defrosting operation is changed, the defrosting
operation is kept in the standby state even if the changed
requirement for starting the defrosting operation is satis-
fied. If the signal determination unit 435 has received a
thermo-off signal, the standby state of the defrosting op-
eration is left. The defrosting operation is started before
the operation of the air-conditioning apparatus 400 is
stopped. If the signal determination unit 435 has not re-
ceived the thermo-off signal, the standby state of the de-
frosting operation is maintained and the operation of the
air-conditioning apparatus 400 is stopped.

[0052] Fig. 9 is a flowchart of an operation of the air-
conditioning apparatus 400 according to Embodiment 5
of the present invention. An operation of the control unit
430 of the air-conditioning apparatus 400 according to
Embodiment 5 will now be described. Referring to Fig.
9, upon start of the heating operation, it is determined
whether or not a temperature of the outdoor heat ex-
changer 8 detected by the outdoor heat-exchanger tem-
perature detection device 22 is at or below the outdoor
heat-exchanger temperature threshold (step ST21). If
the temperature of the outdoor heat exchanger 8 is at or
below the outdoor heat-exchanger temperature thresh-
old (Yes in step ST21), the switching unit 34 causes the
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flow switching device 7 to start the defrosting operation.
[0053] If the temperature of the outdoor heat exchang-
er 8 is above the outdoor heat-exchanger temperature
threshold (No in step ST21), the determination unit 32
determines whether or not a temperature detected by the
outdoor temperature detection device 21 is at or below
the outdoor temperature threshold (step ST22). If the
temperature detected by the outdoor temperature detec-
tion device 21 is above the outdoor temperature thresh-
old (No in step ST22), the signal determination unit 435
determines whether a thermo-off signal has been re-
ceived from the indoor unit 3 or not (step ST23). If the
thermo-off signal has been received (Yes in step ST23),
the operation of the outdoor unit 2 and that of the indoor
unit 3 are stopped. This is because the outdoor temper-
ature is high and it is presumed that the outdoor heat
exchanger 8 is free from frost. If the thermo-off signal
has not been received (No in step ST23), the process
returns to step ST21.

[0054] Instep ST22,ifthe temperature detected by the
outdoor temperature detection device 21 is at or below
the outdoor temperature threshold (Yes in step ST22),
the changing unit 33 changes the outdoor heat-exchang-
er temperature threshold to the outdoor heat-exchanger
temperature relaxed threshold, which is higher than the
outdoor heat-exchanger temperature threshold. It is de-
termined whether or not the temperature of the outdoor
heat exchanger 8 detected by the outdoor heat-exchang-
er temperature detection device 22 is at or below the
outdoor heat-exchanger temperature relaxed threshold
(step ST24). If the temperature of the outdoor heat ex-
changer 8 is at or below the outdoor heat-exchanger tem-
perature relaxed threshold (Yes in step ST24), the signal
determination unit 435 determines whether the thermo-
off signal has been received from the indoor unit 3 (step
ST25). If the thermo-off signal has been received (Yes
in step ST25), the switching unit 34 causes the flow
switching device 7 to start the defrosting operation. After
that, the operation of the outdoor unit 2 and that of the
indoor unit 3 are stopped. If the thermo-off signal has not
been received (No in step ST25), the process returns to
step ST21. This is because the outdoor temperature is
low and it is presumed that the outdoor heat exchanger
8 is likely to have been frosted.

[0055] If the temperature of the outdoor heat exchang-
er 8 is above the outdoor heat-exchanger temperature
relaxed threshold (No in step ST24), the signal determi-
nation unit 435 determines whether the thermo-off signal
has been received from the indoor unit 3 (step ST26). If
the thermo-off signal has been received (Yes in step
ST26), the operation of the outdoor unit 2 and that of the
indoor unit 3 are stopped. If the thermo-off signal has not
been received (No in step ST26), the process returns to
step ST21 for the following reason: although because of
a low outdoor temperature, it is presumed that the out-
door heat exchanger 8 is likely to have been frosted, the
thermo-off signal has not been received and it is pre-
sumed that the heating operation is still required.
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[0056] In Embodiment 5, the control unit 430 further
includes the signal determination unit 435 that allows
starting the defrosting operation upon receiving athermo-
off signal indicating the thermo-off state, in which the
heating operation is temporarily stopped when the actual
indoor temperature is above a set temperature. When
the signal determination unit 435 allows starting the de-
frosting operation, the switching unit 34 causes the flow
switching device 7 to switch to start the defrosting oper-
ation. Consequently, when the heating operation is un-
necessary, the defrosting operation is actively per-
formed, so that the heating capacity to be used when the
heating operation is resumed in response to switching to
the thermo-on state can be saved. Therefore, Embodi-
ment 5 can obtain an advantage in which the comforta-
bility for the user can be improved, in addition to the ad-
vantages obtained in Embodiment 1.

[0057] In Embodiment 5, the requirement for starting
the defrosting operation may be changed based not only
on operation information but on the result of detection by
the human body detection device 24 as in Embodiment
1. Furthermore, in Embodiment 5, the operation informa-
tion may be the operation frequency of the compressor
6 asin Embodiment 2 or may be the operation time period
of the defrosting operation as in Embodiment 3.

Reference Signs List

[0058] 1 air-conditioning apparatus 2 outdoor unit 3 in-
door unit 4 remote controller 4a remote control line 5
refrigerant circuit 6 compressor 7 flow switching device
8 outdoor heat exchanger 8a outdoor fan 9 expansion
device 10 indoor heat exchanger 10a indoor fan 21 out-
door temperature detection device 22 outdoor heat-ex-
changer temperature detection device 23 indoor temper-
ature detection unit 24 human body detection device 30
control 30a outdoor control board 30b indoor control
board 30c interconnecting communication line 31 stor-
age unit 32 determination unit 33 changing unit 34 switch-
ing unit 100 air-conditioning apparatus 125 frequency de-
tection device 130 control unit 132 determination unit 133
changing unit 200 air-conditioning apparatus 226 time
measurement device 230 control unit 232 determination
unit 233 changing unit 300 air-conditioning apparatus
330 control unit 335 signal determination unit 400 air-
conditioning apparatus 430 control unit 435 signal deter-
mination unit

Claims
1. An air-conditioning apparatus comprising:

arefrigerantcircuitin which a compressor, a flow
switching device, an outdoor heat exchanger,
an expansion device, and an indoor heat ex-
changer are connected by pipes, and through
which refrigerant flows; and
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a control device configured to control an opera-
tion of the refrigerant circuit to perform switching
between a heating operation and a defrosting
operation,

the control device including

a determination unit configured to deter-
mine, based on operation information re-
garding the refrigerant circuit, during the
heating operation, whether or not to change
arequirement for starting the defrosting op-
eration,

a changing unit configured to change the
requirement for starting the defrosting op-
eration in accordance with a result of deter-
mination by the determination unit, and

a switching unit configured to cause, when
the requirement for starting the defrosting
operation is satisfied, the flow switching de-
vice to perform switching to start the defrost-
ing operation.

2. The air-conditioning apparatus of claim 1, further
comprising:

a human body detection device configured to
detect presence or absence of a human body,
wherein the changing unit is configured to
change the requirement for starting the defrost-
ing operation in accordance with the result of
determination by the determination unit and a
result of detection by the human body detection
device.

3. The air-conditioning apparatus of claim 1, further
comprising:

a remote controller configured to transmit a stop
signal to stop the operation of the refrigerant cir-
cuit,

wherein the control device further includes a sig-
nal determination unit configured to allow start-
ing the defrosting operation upon receiving the
stop signal from the remote controller, and
wherein when the signal determination unit al-
lows starting the defrosting operation, the
switching unit causes the flow switching device
to perform switching to start the defrosting op-
eration.

4. The air-conditioning apparatus of claim 1,

wherein the control device further includes a signal
determination unit configured to allow starting the
defrosting operation upon receiving a thermo-off sig-
nal indicating a thermo-off state in which the heating
operation is temporarily stopped since an actual in-
door temperature is higher than a set temperature,
and
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wherein when the signal determination unit allows
starting the defrosting operation, the switching unit
causes the flow switching device to perform switch-
ing to start the defrosting operation.

5. The air-conditioning apparatus of any one of claims
1 to 4, further comprising:

an outdoor heat-exchanger temperature detec-
tion device configured to detect a temperature
of the outdoor heat exchanger,

wherein the requirement for starting the defrost-
ing operation is that the temperature detected
by the outdoor heat-exchanger temperature de-
tection device is at or below an outdoor heat-
exchanger temperature threshold, and
wherein the changing unit is configured to
change, during the heating operation, the out-
door heat-exchanger temperature threshold to
an outdoor heat-exchanger temperature re-
laxed threshold higher than the outdoor heat-
exchanger temperature threshold in accord-
ance with the operation information regarding
the refrigerant circuit.

6. The air-conditioning apparatus of any one of claims
1 to 5, further comprising:

an outdoor temperature detection device con-
figured to detect an outdoor temperature,
wherein the operation information is the temper-
ature detected by the outdoor temperature de-
tection device,

wherein the determination unit is configured to
determine whether or not the temperature de-
tected by the outdoor temperature detection de-
vice is at or below an outdoor temperature
threshold, and

wherein when the determination unitdetermines
that the temperature detected by the outdoor
temperature detection device is at or below the
outdoor temperature threshold, the changing
unit changes the requirement for starting the de-
frosting operation.

7. The air-conditioning apparatus of any one of claims
1 to 5, further comprising:

a frequency detection device configured to de-
tect an operation frequency of the compressor,
wherein the operation information is the opera-
tion frequency detected by the frequency detec-
tion device,

wherein the determination unit is configure to
determine whether the operation frequency de-
tected by the frequency detection device is at or
above a frequency threshold, and

wherein when the determination unitdetermines
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that the operation frequency detected by the fre-
quency detection device is at or above the fre-
quency threshold, the changing unit changes
the requirement for starting the defrosting oper-
ation.

8. The air-conditioning apparatus of any one of claims
1 to 5, further comprising:

atime measurementdevice configured to meas-
ure an operation time period of the defrosting
operation,

wherein the operation information is the opera-
tion time period measured by the time measure-
ment device,

wherein the determination unit is configured to
determine whether an operation time period of
a preceding defrosting operation measured by
the time measurement device is at or above a
time threshold, and

wherein when the determination unitdetermines
that the operation time period of the preceding
defrosting operation measured by the time
measurement device is at or above the time
threshold, the requirement for starting the de-
frosting operation is changed.
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FIG. 9
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