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(54) AIR CONDITIONER

(67)  An air conditioner includes a compressor, the
operation frequency of which is variable, and a controller
for executing compressor protection control to raise the
operation frequency of the compressor to a required op-
eration frequency at the start of the cooling or heating
operation. The compressor protection control includes a
first protection control and a second protection control.
In the first protection control, the operation frequency of
the compressor is controlled such that the time period
from the activation of the compressor to the time at which
the operation frequency reaches the required operation
frequency should become relatively long. In the second
protection control, the operation frequency of the com-
pressor is controlled such that the time period from the
activation of the compressor to the time at which the op-
eration frequency reaches the required operation fre-
quency should be relatively short. The control unit exe-
cutes the second protection control when the predeter-
mined condition is satisfied at the time of executing the
compressor protection control.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an air condi-
tioner.

BACKGROUND ART

[0002] When starting a cooling or heating operation, a

typical air conditioner performs an activation operation
that lowers the operating frequency of a compressor for
a predetermined time from when the compressor is ac-
tivated in order to prevent backflow of liquid to the com-
pressor (for example, refer to Patent Document 1).

PRIOR ART DOCUMENT
Patent Document

[0003] Patent Document 1: Japanese Laid-Open Pat-
ent Publication No. 6-341720

SUMMARY OF THE INVENTION
Problems that the Invention is to Solve

[0004] However, when starting the cooling or heating
operation, the liquid backflow to the compressor does
not always occur. More specifically, the probability of oc-
currence of the liquid backflow to the compressor may
be low depending on the surrounding environment of the
compressor at a time of starting the cooling or heating
operation. When the activation operation that lowers the
operating frequency of the compressor is performed even
in such a case, the time from when the compressor is
activated to when the room temperature reaches the set
temperature extends. This hinders a quick startup of the
cooling or heating operation.

[0005] It is an objective of the present disclosure to
provide an air conditioner that starts up the cooling or
heating operation quickly.

Means for Solving the Problems

[0006] To achieve the above objective, an air condi-
tioner includes a compressor in which an operating fre-
quency is changeable and a control unit that executes a
compressor protection control. The compressor protec-
tion control increases the operating frequency of the com-
pressor to a necessary operating frequency when start-
ing a cooling operation or a heating operation. The com-
pressor protection control includes a first protection con-
trol and a second protection control. The first protection
control controls the operating frequency so that a time
from when the compressor is activated to when the op-
erating frequency reaches the necessary operating fre-
quency is relatively long. The second protection control
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controls the operating frequency so that the time from
when the compressor is activated to when the operating
frequency reaches the necessary operating frequency is
relatively short. When executing the compressor protec-
tion control, if a predetermined condition is satisfied, the
control unit executes the second protection control.
[0007] In this configuration, if the predetermined con-
dition is satisfied when executing the compressor pro-
tection control, the second protection control is executed.
This shortens the time from when the compressor 11 is
activated to when the operating frequency of the com-
pressor 11 reaches the necessary operating frequency
FN. As a result, the time from when the cooling or heating
operation is started to when the room temperature DA
reaches the set temperature is shortened, and the cool-
ing or heating operation starts up quickly.

[0008] The predetermined condition refers to a condi-
tion that lowers the probability of occurrence of problems
with the compressor caused by sudden increases in the
operating frequency of the compressor when activated,
such as a rise in the degree of dilution caused by a low-
ered surface of oil in the compressor or a returned refrig-
erant, backflow of liquid to the compressor, freezing of
the outdoorheat exchanger and the indoor heat exchang-
er used as evaporators, and negative pressure of the
suction side of the compressor.

[0009] Preferably, the control unit sets a first target fre-
quency and a second target frequency in the compressor
protection control. The second targetfrequency is greater
than the first target frequency and is less than the nec-
essary operating frequency. The control unit maintains
the operating frequency at the first target frequency for
a first period and at the second target frequency for a
second period so that the operating frequency is in-
creased in a stepped manner. The first target frequency
of the second protection control is greater than the first
target frequency of the first protection control. The sec-
ond target frequency of the second protection control is
greater than the second target frequency of the first pro-
tection control.

[0010] In this configuration, the second protection con-
trol shortens the time from when the compressor is acti-
vated to when the operating frequency of the compressor
reaches the necessary operating frequency. Thus, the
cooling or heating operation starts up quickly.

[0011] Preferably, the control unit sets a first target fre-
quency and a second target frequency in the compressor
protection control. The second targetfrequency is greater
than the first target frequency and is less than the nec-
essary operating frequency. The control unit maintains
the operating frequency at the first target frequency for
a first period and at the second target frequency for a
second period so that the operating frequency is in-
creased in a stepped manner. The first period of the sec-
ond protection control is shorter than the first period of
the first protection control. The second period of the sec-
ond protection control is shorter than the second period
of the second protection control.
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[0012] In this configuration, the second protection con-
trol shortens the time from when the compressor is acti-
vated to when the operating frequency of the compressor
reaches the necessary operating frequency. Thus, the
cooling or heating operation starts up quickly.

[0013] Preferably, the predetermined condition in the
heating operation differs from the predetermined condi-
tion in the cooling operation.

[0014] In this configuration, the second protection con-
trol is appropriately executed in the cooling or heating
operation.

[0015] Preferably, the predetermined condition in-
cludes an indoor air temperature, an outdoor air temper-
ature, and a temperature difference between the indoor
air temperature and the outdoor air temperature.

[0016] Preferably, the predetermined condition in the
heating operation is that the indoor air temperature is
less than or equal to aroom temperature threshold value,
that the outdoor air temperature is greater than or equal
to an outdoor temperature threshold value, and that the
temperature difference between the indoor air tempera-
ture and the outdoor air temperature is less than or equal
to a temperature difference threshold value.

[0017] In this configuration, the indoor air temperature
and the outdoor air temperature, which are easily ob-
tained information about the air conditioner, are used to
set the condition that limits occurrence of problems with
the compressor such as backflow of liquid to the com-
pressor in the compressor protection control.

[0018] Preferably, the predetermined condition in-
cludes atemperature of a discharge pipe of the compres-
sor and an outdoor air temperature.

[0019] In this configuration, the second protection con-
trol is more appropriately executed in the cooling or heat-
ing operation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

Fig. 1 is a conceptual diagram showing a first em-
bodiment of an air conditioner.

Fig. 2 is a block diagram showing the electrical con-
figuration of the air conditioner.

Fig. 3 is a graph showing changes in the operating
frequency of a compressor in a compressor protec-
tion control.

Fig. 4 is a graph showing the relationship among a
room temperature, an ambient temperature, a differ-
ence in temperature between the room temperature
and the ambient temperature, and the probability of
problems with the compressor.

Fig. 5is amap used to select afirst protection control
and a second protection control in the heating oper-
ation.

Fig. 6 is a map used to select the first protection
control and the second protection control in the cool-
ing operation.
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Fig. 7 is a flowchart showing the procedures of a first
activation control executed by the air conditioner.
Fig. 8 is a flowchart showing the procedures of a
second activation control executed by a second em-
bodiment of an air conditioner.

Fig. 9 is a map showing the relationship between the
ambient temperature and the temperature of a dis-
charge pipe of a compressor in a modified example
of an air conditioner.

MODES FOR CARRYING OUT THE INVENTION
First Embodiment

[0021] An air conditioner 1 will now be described with
reference to the drawings.

[0022] AsshowninFig. 1,the airconditioner 1includes
a refrigerant circuit 40. The refrigerant circuit 40 includes
a refrigerant pipe 30 that circulates a refrigerant between
an outdoor unit 10 and an indoor unit 20. The air condi-
tioner 1 of the present embodiment includes the refrig-
erant circuit 40 formed by connecting the refrigerant pipe
30 to the outdoor unit 10, which is installed outdoors, and
the indoor unit 20, which is a wall-installation type and is
installed on an indoor wall surface or the like.

[0023] The outdoor unit 10 includes, for example, a
compressor 11 in which the operating frequency is
changeable, a four-way switching valve 12, an outdoor
heat exchanger 13, an expansion valve 14, an outdoor
fan 15, and an outdoor controller 16. The outdoor fan 15
includes a motor 15a and an impeller 15b connected to
the output shaft of the motor 15a. The motor 15a is a
drive source having a changeable rotational speed. An
example of the impeller 15b is a propeller fan.

[0024] The compressor 11 is, for example, a rocking
piston compressor andincludes, forexample, acompres-
sion mechanism, a motor, and a crankshaft that transmits
driving power of the motor to the compression mecha-
nism (none shown). The compressor 11 includes an ac-
cumulator 11athat separates the refrigerant into gas and
liquid. An example of the motor is a three-phase brush-
less motor. The expansion valve 14 is, for example, an
electronic expansion valve. The outdoor fan 15 rotates
the impeller 15b using the motor 15a to facilitate heat
exchange between the outdoor air and the refrigerant
flowing through a heat transfer tube of the outdoor heat
exchanger 13. Thus, the outdoor fan 15 generates a flow
of outdoor air that passes through the outdoor heat ex-
changer 13. The outdoor controller 16 is electrically con-
nected to the motor of the compressor 11, the four-way
switching valve 12, the expansion valve 14, and the motor
15a of the outdoor fan 15.

[0025] The indoor unit 20 includes, for example, an in-
door heat exchanger 21, an indoor fan 22, and an indoor
controller 23. The indoor fan 22 includes a motor 22a and
an impeller (not shown) connected to the output shaft of
the motor 22a. The motor 22a is a drive source having a
changeable rotational speed. An example of the impeller



5 EP 3 705 808 A1 6

is a crossflow fan. The indoor fan 22 rotates the impeller
using the motor 22a to facilitate heat exchange between
the indoor air and the refrigerant flowing through a heat
transfer tube of the indoor heat exchanger 21. Thus, the
indoor fan 22 generates a flow of indoor air that passes
through the indoor heat exchanger 21. The indoor con-
troller 23 is electrically connected to the motor 22a of the
indoor fan 22. The indoor controller 23 is, for example,
configured to perform wireless communication with a re-
mote controller 51 (refer to Fig. 2) of the air conditioner
1 using infrared light or the like. The indoor controller 23
is configured to perform wired communication with the
outdoor controller 16 through a signal line. The indoor
controller 23 controls the indoor unit 20, and the outdoor
controller 16 controls the outdoor unit 10 based on an
operating instruction of the remote controller 51.

[0026] The refrigerant circuit 40 is configured by con-
necting the compressor 11, the four-way switching valve
12, the outdoor heat exchanger 13, the expansion valve
14, and the indoor heat exchanger 21 with the refrigerant
pipe 30 as a loop. The refrigerant circuit 40 is configured
to execute a vapor compression refrigeration cycle that
reversibly circulates the refrigerant by switching the four-
way switching valve 12.

[0027] More specifically, when the four-way switching
valve 12 is switched to a cooling mode connection state
(illustrated with solid lines), the refrigerant circuit 40 forms
a cooling cycle in which the refrigerant circulates in the
order of the compressor 11, the four-way switching valve
12, the outdoor heat exchanger 13, the expansion valve
14, the indoor heat exchanger 21, the four-way switching
valve 12, and the compressor 11. As a result, the air
conditioner 1 performs the cooling operation in which the
outdoor heat exchanger 13 acts as a condenser and the
indoor heat exchanger 21 acts as an evaporator. When
the four-way switching valve 12 is switched to a heating
mode connection state (illustrated with broken lines), the
refrigerant circuit 40 forms a heating cycle in which the
refrigerant circulates in the order of the compressor 11,
the four-way switching valve 12, the indoor heatexchang-
er 21, the expansion valve 14, the outdoor heat exchang-
er 13, the four-way switching valve 12, and the compres-
sor 11. As a result, the air conditioner 1 performs the
heating operation in which the indoor heat exchanger 21
acts as a condenser and the outdoor heat exchanger 13
acts as an evaporator.

[0028] AsshowninFig.2,acontrolunit50 thatcontrols
the air conditioner 1 includes the outdoor controller 16
and the indoor controller 23. Each of the outdoor control-
ler 16 and the indoor controller 23 includes, for example,
a storage device and an arithmetic processing device
that executes a predetermined control program. The
arithmetic processing device includes, for example, a
central processing unit (CPU) or a micro processing unit
(MPU). The storage unit stores various control programs
and information used for various control processes. The
storage device includes, forexample, a nonvolatile mem-
ory and a volatile memory.
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[0029] The control unit 50 is connected to the remote
controller 51, an indoor temperature sensor 52, an out-
door temperature sensor 53, and a discharge pipe tem-
perature sensor 54 so that communication is performed.
[0030] More specifically, the control unit 50 is config-
ured to perform wireless communication with the remote
controller 51 (refer to Fig. 3) using, for example, infrared
light. More specifically, the remote controller 51 transmits
signals of an operating instruction (instruction to perform
cooling operation, heating operation, etc.) and a deacti-
vating instruction to the control unit 50. The indoor tem-
perature sensor 52, the outdoor temperature sensor 53,
and the discharge pipe temperature sensor 54 are elec-
trically connected to the control unit 50. The indoor tem-
perature sensor 52 is used to measure the indoor air
temperature (room temperature) and is disposed, for ex-
ample, in the vicinity of an inlet of the indoor unit 20. The
indoor temperature sensor 52 transmits a signal corre-
sponding to the room temperature to the control unit 50.
The outdoor temperature sensor 53 is used to measure
the outdoor air temperature (outdoor temperature) and
is disposed, for example, in the vicinity of an inlet of the
outdoor unit 10. The outdoor temperature sensor 53
transmits a signal corresponding to the outdoor temper-
ature to the control unit 50. The discharge pipe temper-
ature sensor 54 is used to measure the temperature of
a discharge pipe of the compressor 11, that is, the tem-
perature of a discharged gas refrigerant discharged from
the compressor 11. The discharge pipe temperature sen-
sor 54 is attached to the discharge pipe of the compressor
11. The discharge pipe temperature sensor 54 transmits
a signal corresponding to the temperature of the gas re-
frigerant discharged from the compressor 11 to the con-
trol unit 50. As described above, the control unit 50 re-
ceives various signals (operating instruction and meas-
urement information) from the remote controller 51, the
indoor temperature sensor 52, the outdoor temperature
sensor 53, and the discharge pipe temperature sensor
54. The control unit 50 obtains the room temperature
(hereafter, referred to as "room temperature DA") based
on measurement information of the indoor temperature
sensor 52, obtains the outdoor temperature (hereafter,
referred to as "ambient temperature DOA") based on
measurement information of the outdoor temperature
sensor 53, and obtains atemperature DF of the discharge
pipe of the compressor 11 (temperature of discharged
gas refrigerant) based on measurement information of
the discharge pipe temperature sensor 54.

[0031] Since theindoor controller 23 is electrically con-
nected to the outdoor controller 16, the operating instruc-
tion and the room temperature DA, which are received
by the indoor controller 23, may be transmitted to the
outdoor controller 16. Also, the ambient temperature
DOA and the temperature DF of the discharge pipe of
the compressor 11, which are received by the outdoor
controller 16, may be transmitted to the indoor controller
23.

[0032] The indoor controller 23 controls the rotational
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speed of the motor 22a of the indoor fan 22 based on an
operating instruction of the remote controller 51 and
measurement information.

[0033] The outdoor controller 16 controls the operating
frequency of the compressor 11, the switching of the four-
way switching valve 12 between the cooling mode con-
nection state and the heating mode connection state, the
opening degree of the expansion valve 14, and the rota-
tional speed of the motor 15a of the outdoor fan 15 based
on an operating instruction of the remote controller 51
and measurement information.

[0034] The control unit 50 executes the cooling oper-
ation and the heating operation through the indoor con-
troller 23 and the outdoor controller 16 based on an op-
erating instruction of the remote controller 51 and meas-
urement information. In the cooling operation and the
heating operation, the control unit 50 controls the com-
pressor 11, the expansion valve 14, the outdoor fan 15,
and the indoor fan 22 so that the indoor temperature
reaches the temperature set by the remote controller 51.
[0035] In the cooling operation and the heating oper-
ation, the control unit 50 sets an increase rate at which
the operating frequency of the compressor 11 is in-
creased and a decrease rate at which the operating fre-
quency is decreased so that the increase rate is equal
to the decrease rate. An example of the increase rate
and the decrease rate, which are change rates of the
operating frequency of the compressor 11 in the cooling
operation and the heating operation, is 2 Hz per second.
[0036] In addition, when activating the compressor 11
to start the cooling or heating operation, the control unit
50 increases the low operating frequency of the com-
pressor 11 to an operating frequency necessary for the
cooling or heating operation (hereafter, referred to as
"necessary operating frequency FN"). In this case, the
control unit 50 executes a compressor protection control
when activating the compressor 11. In the compressor
protection control, in order to prevent problems with the
compressor 11, the operating frequency of the compres-
sor 11 is low at the beginning and is increased in a
stepped manner as time elapses to the necessary oper-
ating frequency FN, at which the compressor 11 stably
operates. Examples of problems with the compressor 11
caused by sudden increases in the operating frequency
of the compressor 11 when activated include arise in the
degree of dilution caused by a lowered surface of oil in
the compressor 11 or a returned refrigerant, backflow of
liquid to the compressor 11, freezing of the outdoor heat
exchanger 13 and the indoor heat exchanger 21 used as
evaporators, and negative pressure of the suction side
of the compressor 11.

[0037] Graph GXindicated by the broken line in Fig. 3
is a schematic graph showing a typical compressor pro-
tection control.

[0038] As indicated by graph GX in Fig. 3, in the com-
pressor protection control, the operating frequency of the
compressor 11 is changed so that the operating frequen-
cy is maintained at multistage target frequencies for a
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predetermined time before reaching the necessary op-
erating frequency FN. More specifically, in the compres-
sor protection control, the control unit 50 stores a first
target frequency FX1, a second target frequency FX2
that is greater than the first target frequency FX1, a third
target frequency FX3 that is greater than the second tar-
get frequency FX2, and a fourth target frequency FX4
thatis greater than the third target frequency FX3. Attime
t1, the control unit 50 drives the compressor 11 so that
the operating frequency of the compressor 11 reaches
the first target frequency FX1. From time t1 to time t3,
the control unit 50 drives the compressor 11 so that the
operating frequency of the compressor 11 is maintained
at the first target frequency FX1. At time t3, the control
unit 50 drives the compressor 11 so that the operating
frequency of the compressor 11 changes from the first
targetfrequency FX1 to the second targetfrequency FX2.
From time t3 to time t5, the control unit 50 drives the
compressor 11 so that the operating frequency of the
compressor 11 is maintained at the second target fre-
quency FX2. At time t5, the control unit 50 drives the
compressor 11 so that the operating frequency of the
compressor 11 changes from the second target frequen-
cy FX2 to the third target frequency FX3. From time t5
to time 6, the control unit 50 drives the compressor 11
so that the operating frequency of the compressor 11 is
maintained at the third target frequency FX3. At time t6,
the control unit 50 drives the compressor 11 so that the
operating frequency of the compressor 11 changes from
the third target frequency FX3 to the fourth target fre-
quency FX4. From time t6 to time t7, the control unit 50
drives the compressor 11 so thatthe operating frequency
of the compressor 11 is maintained at the fourth target
frequency FX4. At time t7, the control unit 50 drives the
compressor so that the operating frequency of the com-
pressor 11 changes from the fourth target frequency FX4
to the necessary operating frequency FN.

[0039] In graph GX shown in Fig. 3, the difference
(FX2-FX1) between the second target frequency FX2
and the first target frequency FX1, the difference (FX3-
FX2) between the third target frequency FX3 and the
second target frequency FX2, and the difference (FX4-
FX3) between the fourth target frequency FX4 and the
third target frequency FX3 are equal to each other. In
addition, a first period TX1 during which the operating
frequency of the compressor 11 is maintained at the first
target frequency FX1, a second period TX2 during which
the second target frequency FX2 is maintained, and a
third period TX3 during which the third target frequency
FX3 is maintained, and a fourth period TX4 during which
the fourth target frequency FX4 is maintained are equal
to each other.

[0040] When starting the cooling or heating operation,
if the compressor protection control is executed, prob-
lems with the compressor 11 are avoided. However,
since the operating frequency of the compressor 11 is
gradually increased as indicated by graph GX shown in
Fig. 3, the time from when the user issues an instruction



9 EP 3 705 808 A1 10

to perform the cooling or heating operation using the re-
mote controller 51 to when the indoor air temperature
reaches the settemperature extends. Thatis, when start-
ing the cooling or heating operation, the startup of the
cooling or heating operation is impeded. As a result, the
cooling performance or the heating performance is low-
ered when starting the cooling or heating operation.
[0041] The probability of occurrence of problems with
the compressor 11 may be low depending on the sur-
rounding environment (outdoor air temperature and in-
door air temperature) of the compressor 11. When the
probability of occurrence of problems with the compres-
sor 11 is low, if the compressor protection control indi-
cated by graph GX shown in Fig. 3 is executed, the com-
pressor 11 is operated with a low cooling performance
or alow heating performance even though problems with
the compressor 11 is not likely to occur.

[0042] In this regard, in the present embodiment, the
control unit 50 executes a first activation control that
changes the mode of the compressor protection control
based on whether the probability of occurrence of prob-
lems with the compressor 11 is high or low. More specif-
ically, when the probability of occurrence of problems
with the compressor 11 is high, the control unit 50 exe-
cutes a first protection control, that is, the compressor
protection control indicated by graph GX shown in Fig.
3. When the probability of occurrence of problems with
the compressor 11 is low, the control unit 50 executes a
second protection control. The second protection control
increases the operating frequency of the compressor 11
to the necessary operating frequency FN more quickly
than the compressor protection control (first protection
control) indicated by graph GX shown in Fig. 3.

[0043] The second protection control will now be de-
scribed in detail.
[0044] The second protection control has a first target

frequency FA1 and a second target frequency FA2. That
is, the number of target frequencies of the second pro-
tection control is less than the number of target frequen-
cies of the first protection control. The first target frequen-
cy FA1 is greater than the first target frequency FX1 of
the first protection control. In the present embodiment,
the firsttargetfrequency FA1is equal to the second target
frequency FX2 of graph GX. The second target frequency
FA2 is greater than the second target frequency FX2 of
the first protection control. In the present embodiment,
the second targetfrequency FA2is greater than the fourth
target frequency FX4 of graph GX and is less than the
necessary operating frequency FN. The first target fre-
quency FA1is equal to the difference (FA2-FA1) between
the second target frequency FA2 and the first target fre-
quency FA1. The difference (FA2-FA1) between the sec-
ond target frequency FA2 and the first target frequency
FA1 is greater than the difference (FN-FA2) between the
necessary operating frequency FN and the second target
frequency FA2. A first period TA1 during which the op-
erating frequency of the compressor 11 is maintained at
the first target frequency FA1 is equal to a second period
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TA2 during which the operating frequency of the com-
pressor 11 is maintained at the second target frequency
FA2.

[0045] In the second protection control, after control-
ling the operating frequency of the compressor 11 to
reach the first target frequency FA1, the control unit 50
controls the operating frequency of the compressor 11
to be maintained at the first target frequency FA1 for a
predetermined time. Subsequently, the control unit 50
controls the operating frequency of the compressor 11
to change from the first target frequency FA1 to the sec-
ond target frequency FA2. After controlling the operating
frequency of the compressor 11 to be maintained at the
second target frequency FA2 for a predetermined time,
the control unit 50 controls the operating frequency of
the compressor 11 to change from the second target fre-
quency FA2 to the necessary operating frequency FN.
The first period TA1, in which the operating frequency of
the compressor 11 is controlled to be maintained at the
first target frequency FA1 in the second protection con-
trol, is shorter than the first period TX1, in which the op-
erating frequency of the compressor 11 is controlled to
be maintained at the first target frequency FX1 in the first
protection control. Also, the second period TA2, in which
the operating frequency of the compressor 11 is control-
led to be maintained at the second target frequency FA2,
is shorter than the second period TX2, in which the op-
erating frequency of the compressor 11 is controlled to
be maintained at the second target frequency FX2 in the
first protection control.

[0046] Graph GA shown in Fig. 3 shows changes in
the operating frequency of the compressor 11 in the sec-
ond protection control. As indicated by graph GA, at time
t1, the control unit 50 drives the compressor 11 so that
the operating frequency of the compressor 11 reaches
the first target frequency FA1. From time t1 to time t2
(during the period TA1), the control unit 50 drives the
compressor 11 so that the operating frequency of the
compressor 11 is maintained at the first target frequency
FA1. Attime t2, the control unit 50 drives the compressor
11 so that the operating frequency of the compressor 11
changes from the first target frequency FA1 to the second
target frequency FA2. From time t2 to time t4 (during the
period TA2), the control unit 50 drives the compressor
11 so that the operating frequency of the compressor 11
is maintained at the second target frequency FA2. Attime
t4, the control unit 50 drives the compressor 11 so that
the operating frequency of the compressor 11 changes
from the second target frequency FA2 to the necessary
operating frequency FN. As described above, a period
TA (from time t1 to time t4) from when the compressor
11 is activated to when the operating frequency of the
compressor 11 reaches the necessary operating fre-
quency FN in the second protection control is shorter
than a period TX (from time t1 to time t8) from when the
compressor 11 is activated to when the operating fre-
quency of the compressor 11 reaches the necessary op-
erating frequency FN in the first protection control.
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[0047] The probability of occurrence of problems with
the compressor 11 will now be described.

[0048] The probability of occurrence of problems with
the compressor 11 may be estimated using the indoor
air temperature (room temperature) and the outdoor air
temperature (outdoor temperature). More specifically,
the probability of occurrence of problems with the com-
pressor 11 may be estimated based on the room tem-
perature DA, the ambient temperature DOA, and the dif-
ference in temperature between the room temperature
DA and the ambient temperature DOA. A temperature
condition under which the probability of occurrence of
problems with the compressor 11 is low when starting
the heating operation, and a temperature condition under
which the probability of occurrence of problems with the
compressor 11 is low when starting the cooling operation
are found through tests conducted by the inventors of
the present application.

[0049] When starting the heating operation, if the room
temperature DA is high, the need for quickly increasing
the room temperature DA is low, that is, the need for
increasing the heating performance is low. When starting
the cooling operation, if the room temperature DA is low,
the need for quickly decreasing the room temperature
DA is low, that is, the need for increasing the cooling
performance is low. As described above, when the need
forincreasing the heating performance or the cooling per-
formance is low, the first protection control is executed
as the compressor protection control, so that problems
with the compressor 11 are more assuredly avoided.
[0050] Fig.4isanexampleofresults oftests conducted
by the inventors of the present application to determine
whether problems with the compressor 11 occur when
the second protection control of the compressor protec-
tion control is executed at the time of starting the heating
operation, with changes in the room temperature DA, the
ambient temperature DOA, and the difference in temper-
ature between the room temperature DA and the ambient
temperature DOA. In Fig. 4, the vertical axis indicates
the room temperature DA, and the horizontal axis indi-
cates the ambient temperature DOA. In this temperature
map, diagonal lines indicate indoor-outdoor temperature
differences, thatis, differences (DA-DOA)in temperature
between the room temperature DA and the ambient tem-
perature DOA. In the temperature map shown in Fig. 4,
the shaded section indicates an example of a tempera-
ture region (hereafter, referred to as "temperature region
RL") in which when starting the heating operation, the
probability of occurrence of problems with the compres-
sor 11 is low and the need for increasing the heating
performance is high. The temperature region RL is sur-
rounded by conditions of the room temperature DA being
less than or equal to 20°C, the ambient temperature DOA
being greater than or equal to 0°C, and the indoor-out-
door temperature difference being less than or equal to
X5. An example of the indoor-outdoor temperature dif-
ference X5 is 10°C. More specifically, when the ambient
temperature DOA is greater than or equal to 0°C and the
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indoor-outdoor temperature difference is less than or
equal to 10°C, if the second protection control of the com-
pressor protection control is executed at the time of start-
ing the heating operation, the probability of occurrence
of problems with the compressor 11 islow. In other words,
when the ambient temperature DOA is less than 0°C or
the indoor-outdoor temperature difference is greater than
10°C, if the second protection control of the compressor
protection control is executed at the time of starting the
heating operation, the probability of occurrence of prob-
lems with the compressor 11 is high. When the room
temperature DA is greater than 20°C and the indoor-out-
door temperature difference is less than or equal to 10°C,
if the second protection control of the compressor pro-
tection control is executed at the time of starting the heat-
ing operation, the probability of occurrence of problems
with the compressor 11 is low. However, the heating per-
formance does not need to be increased.

[0051] Although notshown inthe drawings,inthe same
manner as the heating operation, for the cooling opera-
tion, the inventors of the present application conducted
tests to determine whether problems with the compressor
11 occur when the second protection control of the com-
pressor protection control is executed at the time of start-
ing the cooling operation, with changes in the room tem-
perature DA, the ambient temperature DOA, and the dif-
ference in temperature between the room temperature
DA and the ambient temperature DOA. Temperature
conditions under which when starting the cooling or heat-
ing operation, the probability of occurrence of problems
with the compressor 11 is low, and the need for increasing
the cooling or heating performance is high are deter-
mined based on these tests and described below. Such
temperature conditions of the cooling or heating opera-
tion are stored in the control unit 50, for example, as a
map MP1 shown in Fig. 5 for the heating operation and
a map MP2 shown in Fig. 6 for the cooling operation.
[0052] [Heating Operation](a1) The room temperature
DA is less than or equal to a first determination temper-
ature DAX1 (room temperature threshold value)
(DA<DAX1). (a2) The ambient temperature DOA is in a
first temperature range (DOAL1<DOA<DOAH1). Here,
DOAL1 denotes the lower limit value of the first temper-
ature range, and DOAH1 denotes the upper limit value
of the first temperature range. (a3) The difference in tem-
perature between the room temperature DA and the am-
bient temperature DOA is less than or equal to a first
determination temperature difference DDX1 (tempera-
ture difference threshold value) (DA-DOA<DDX).
[0053] The first determination temperature DAX1 is a
determination value of the room temperature that deter-
mines whether the heating performance needs to be in-
creased. An example of the first determination tempera-
ture DAX1 is 13°C. The lower limit value DOAL1 of the
first temperature range is a determination value of the
ambient temperature that determines whether the prob-
ability of occurrence of problems with the compressor 11
is low when starting the heating operation. An example
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of the lower limit value DOAL1 is 0°C. The upper limit
value DOAH1 of the first temperature range is a deter-
mination value of the ambient temperature that deter-
mines whether the heating performance needs to be in-
creased. An example of the upper limit value DOAH1 is
24°C. The first determination temperature difference
DDX1 is a determination value of the indoor-outdoor tem-
perature difference that determines whether the proba-
bility of occurrence of problems with the compressor 11
is low when starting the heating operation. An example
of the first determination temperature difference DDX1
is 10°C.

[0054] [Cooling Operation] (b1) The room temperature
DA is greater than or equal to a second determination
temperature DAX2 (room temperature threshold value)
(DA>DAX2). (b2) The ambient temperature DOA is in a
second temperature range (DOAL2<DOA<DOAH2).
Here, DOALZ2 denotes the lower limit value of the second
temperature range, and DOAH2 denotes the upper limit
value of the second temperature range. (b3) The differ-
ence in temperature between the room temperature DA
and the ambient temperature DOA is less than or equal
to a second determination temperature difference DDX2

(temperature  difference threshold value) (DA-
DOA<DDX2).
[0055] The second determination temperature DAX2

is a determination value of the room temperature that
determines whether the cooling performance needs to
be increased. An example of the second determination
temperature DAX2 is 25°C. The lower limit value DOAL2
ofthe second temperature range is a determination value
of the ambient temperature that determines whether the
cooling performance needs to be increased. An example
of the lower limit value DOAL2 is 25°C. The upper limit
value DOAH2 of the second temperature range is a de-
termination value of the ambient temperature that deter-
mines whether the probability of occurrence of problems
with the compressor 11 is low when starting the cooling
operation. An example of the upper limit value DOAH2
is 45°C. The second determination temperature differ-
ence DDX2is a determination value of the indoor-outdoor
temperature difference that determines whether the
probability of occurrence of problems with the compres-
sor 11 is low when starting the cooling operation. An ex-
ample of the second determination temperature differ-
ence DDX2 is -10°C.

[0056] The control unit 50 uses the map MP1 to select
the first protection control and the second protection con-
trol when starting the heating operation based on the
temperature conditions a1, a2, and a3 of the heating op-
eration. The control unit 50 uses the map MP2 to select
the first protection control and the second protection con-
trol when starting the cooling operation based on the tem-
perature conditions b1, b2, and b3 of the cooling opera-
tion.

[0057] In the map MP1, the vertical axis indicates the
room temperature DA, and the horizontal axis indicates
the ambient temperature DOA. In the map MP1, the di-
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agonal line indicates a boundary condition of the indoor-
outdoor temperature difference. In the map MP1, the
shading indicates a temperature region R1 in which all
ofthe temperature conditions a1, a2, and a3 are satisfied.
More specifically, the second protection control is select-
ed in the temperature region R1, and the first protection
control is selected in a region excluding the temperature
region R1.

[0058] Thetemperature regionR1ofthe map MP1 may
be the same as the temperature region RL shown in Fig.
4. More specifically, in the temperature conditions a1,
a2, and a3 of the heating operation, the first determination
temperature DAX1 may be 20°C, the lower limit value
DOAL1 of the first temperature range may be 0°C, the
upper limit value DOAH1 may be 30°C, and the first de-
termination temperature difference DDX1 may be 10°C.
[0059] Inthe map MP2, the vertical axis indicates the
room temperature DA, and the horizontal axis indicates
the ambient temperature DOA. In the map MP2, the di-
agonal line indicates a boundary condition of the indoor-
outdoor temperature difference. In the map MP2, the
shading indicates a temperature region R2 in which all
ofthe temperature conditions b1, b2, and b3 are satisfied.
More specifically, the second protection control is select-
ed in the temperature region R2, and the first protection
control is selected in a region excluding the temperature
region R2.

[0060] In the first activation control, the control unit 50
uses the map MP1 to select one of the first protection
control and the second protection control when starting
the heating operation, and uses the map MP2 to select
one of the first protection control and the second protec-
tion control when starting the cooling operation.

[0061] The procedures of the first activation control will
now be described with reference to Fig. 7.

[0062] In step S11, the control unit 50 determines
whether the heating operation is instructed to be per-
formed. The determination of step S11 is made, for ex-
ample, based on whether the control unit 50 receives an
instruction to perform the heating operation from the re-
mote controller 51. When determining in step S11 that
the heating operation is instructed to be performed (step
S11: YES), the control unit 50 selects the map MP1 in
step S12. In step S13, the control unit 50 determines
whether the coordinates specified by the room temper-
ature DA and the ambient temperature DOA are in the
range of the temperature region R1 in the map MP1.
When determining that the coordinates specified by the
room temperature DA and the ambienttemperature DOA
are in the range of the temperature region R1 (step S13:
YES), thatis, when determining thatall of the temperature
conditions a1 to a3 are satisfied, the control unit 50 se-
lects the second protection control in step S14. When
determining that the coordinates specified by the room
temperature DA and the ambient temperature DOA are
outside the range of the temperature region R1 (step S13:
NO), that is, when determining that at least one of the
temperature conditions a1 to a3 is not satisfied, the con-



15 EP 3 705 808 A1 16

trol unit 50 selects the first protection control in step S15.
[0063] When determining in step S11 that the heating
operation is not instructed to be performed (step S11:
NO), the control unit 50 determines in step S16 whether
the cooling operation is instructed to be performed. The
determination of step S16 is made, for example, based
on whether the control unit 50 receives an instruction to
perform the cooling operation from the remote controller
51. When determining in step S16 that the cooling oper-
ation is instructed to be performed (step S16: YES), the
control unit 50 selects the map MP2 in step S17. In step
S18, the control unit 50 determines whether the coordi-
nates specified by the room temperature DA and the am-
bient temperature DOA are in the range of the tempera-
ture region R2 in the map MP2. When determining that
the coordinates specified by the room temperature DA
and the ambient temperature DOA are in the range of
the temperature region R2 (step S18: YES), that is, when
determining that all of the temperature conditions b1 to
b3 are satisfied, the control unit 50 proceeds to step S14.
Thatis, the control unit 50 selects the second protection
control. When determining that the coordinates specified
by the room temperature DA and the ambient tempera-
ture DOA are outside the range of the temperature region
R2 (step S18: NO), that is, when determining that at least
one ofthe temperature conditions b1 to b3 is not satisfied,
the control unit 50 selects the first protection control in
step S19.

[0064] When determining in step S16 that the cooling
operation is not instructed to be performed, the control
unit 50 terminates the first activation control. In this case,
a dehumidifying operation is an example of an operation
other than the heating operation and the cooling opera-
tion.

[0065] The present embodiment has the following ad-
vantages.

(1-1) When performing the cooling or heating oper-
ation, the control unit 50 uses the map MP1 or the
map MP2 to execute one of the first protection control
and the second protection control. The time from
when the compressor 11 is activated to when the
operating frequency of the compressor 11 reaches
the necessary operating frequency FN in the second
protection control is shorter than the time from when
the compressor 11 is activated to when the operating
frequency of the compressor 11 reaches the neces-
sary operating frequency FN in the first protection
control. In this configuration, the second protection
control is executed to shorten the time from when
the compressor 11 is activated to when the operating
frequency of the compressor 11 reaches the neces-
sary operating frequency FN. Thus, the cooling or
heating operation starts up quickly. As a result, the
time from when the cooling or heating operation is
started to when the room temperature DA reaches
the set temperature is shortened, thereby increasing
the heating performance or the cooling performance.
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(1-2) The first target frequency FA1 in the second
protection control is greater than the first target fre-
quency FX1 in the first protection control. The sec-
ond target frequency FA2 in the second protection
control is greater than the second target frequency
FX2 in the first protection control. In this configura-
tion, the number of target frequencies that are set in
the second protection control from when the com-
pressor 11 is activated to when the operating fre-
quency of the compressor 11 reaches the necessary
operating frequency FN is less than the number of
target frequencies that are set in the first protection
control from when the compressor 11 is activated to
when the operating frequency of the compressor 11
reaches the necessary operating frequency FN. The
second protection control shortens the time from
when the compressor 11 is activated to when the
operating frequency of the compressor 11 reaches
the necessary operating frequency FN. This allows
for a quick startup of the cooling or heating operation.
(1-3) The first period TA1, in which the operating
frequency of the compressor 11 is controlled to be
maintained at the first target frequency FA1 in the
second protection control, is shorter than the first
period TX1, in which the operating frequency of the
compressor 11 is controlled to be maintained at the
first target frequency FX1 in the first protection con-
trol. The second period TA2, in which the operating
frequency of the compressor 11 is controlled to be
maintained at the second target frequency FA2 in
the second protection control, is shorter than the sec-
ond period TX2, in which the operating frequency of
the compressor 11 is controlled to be maintained at
the second target frequency FX2 in the first protec-
tion control. In this configuration, the number of tar-
get frequencies that are set in the second protection
control from when the compressor 11 is activated to
when the operating frequency of the compressor 11
reaches the necessary operating frequency FN is
less than the number of target frequencies that are
set in the first protection control from when the com-
pressor 11 is activated to when the operating fre-
quency of the compressor 11 reaches the necessary
operating frequency FN. The second protection con-
trol shortens the time from when the compressor 11
is activated to when the operating frequency of the
compressor 11 reaches the necessary operating fre-
quency FN. This allows for a quick startup of the
cooling or heating operation.

(1-4) The control unit 50 uses the map MP1 in the
cooling operation to select one of the first protection
control and the second protection control and uses
the map MP2 in the heating operation to select one
of the first protection control and the second protec-
tion control. As described above, the condition for
executing the second protection control in the cool-
ing operation differs from the condition for executing
the second protection control in the heating opera-
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tion. That s, the conditions are separately set for the
cooling operation and the heating operation. This al-
lows the control unit 50 to appropriately execute the
second protection control in the cooling operation or
the heating operation.

(1-5) In the map MP1 and the map MP2, the condi-
tions for executing the second protection control are
specified based on the room temperature DA, the
ambient temperature DOA, and the indoor-outdoor
temperature difference. As described above, the in-
door temperature sensor 52 and the outdoor tem-
perature sensor 53, which are normally included in
the air conditioner 1, are used to set the conditions
for executing the second protection control. The use
of the room temperature DA and the ambient tem-
perature DOA, which are easily obtained information
about the air conditioner 1, eliminates the need for
a dedicated sensor that sets the conditions for exe-
cuting the second protection control. This limits in-
creases in the cost of the air conditioner 1.

Second Embodiment

[0066] A second embodiment of an air conditioner 1
will now be described with reference to Figs. 1 and 8.
The air conditioner 1 of the present embodiment differs
from the air conditioner 1 of the first embodiment in the
first activation control. In the following description, com-
ponents of the air conditioner 1 refer to the components
of the air conditioner 1 shown in Fig. 1.

[0067] When the operation of the air conditioner 1 is
stopped, the refrigerant may condense and accumulate
at a side corresponding to the lower one of the indoor air
temperature and the outdoor air temperature. When the
outdoor air temperature is lower than the indoor air tem-
perature, a stagnation phenomenon is generated, that
is, the liquid refrigerant dissolves and accumulates in the
lubricant oil of the compressor 11 or the liquid refrigerant
accumulates in the outdoor heat exchanger 13. When
the stagnation phenomenon is generated and the com-
pressor 11 is activated in the heating operation, if the
increase rate of the operating frequency of the compres-
sor 11 is increased, generation of oil foaming in the com-
pressor 11 is facilitated. This causes a failure of the com-
pressor 11. Also, when the stagnation phenomenon is
generated and the compressor 11 is activated in the cool-
ing operation, if the increase rate of the operating fre-
quency of the compressor 11 is increased, generation of
oil foaming in the compressor 11 is facilitated in the same
manner as in the heating operation.

[0068] In this regard, the control unit 50 executes a
refrigerant discharge activation operation to avoid a fail-
ure of the compressor 11 caused by the stagnation phe-
nomenon when starting the cooling or heating operation.
In the refrigerant discharge activation operation that is
performed when starting the heating operation, when ac-
tivating the compressor 11 in accordance with the start
of the heating operation, the control unit 50 operates the
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compressor 11 with the four-way switching valve 12
switched to the reverse cycle (cooling mode connection
state) for a predetermined time (e.g., one minute). This
allows the liquid refrigerant accumulated in the outdoor
heat exchanger 13 to flow to the indoor heat exchanger
21. In the refrigerant discharge activation operation, the
liquid refrigerantin the indoor heat exchanger 21 is evap-
orated by the indoor heat exchanger 21 and becomes
gas refrigerant. The gas refrigerantis drawninto the com-
pressor 11. This limits generation of oil foaming in the
compressor 11. Also, in the refrigerant discharge activa-
tion operation that is performed when starting the cooling
operation, when activating the compressor 11 in accord-
ance with the start of the cooling operation, the control
unit 50 operates the compressor 11 with the four-way
switching valve 12 switched to the reverse cycle (heating
mode connection state) for a predetermined time (e.g.,
one minute). This allows the liquid refrigerant accumu-
lated in the indoor heat exchanger 21 to flow to the out-
door heat exchanger 13. In the refrigerant discharge ac-
tivation operation, the liquid refrigerant in the outdoor
heat exchanger 13 is evaporated by the outdoor heat
exchanger 13 and becomes gas refrigerant. The gas re-
frigerantis drawn into the compressor 11. This limits gen-
eration of oil foaming in the compressor 11. As described
above, when the refrigerant discharge activation opera-
tion is performed at a start of the cooling or heating op-
eration, the probability of occurrence of problems with
the compressor 11 is lowered.

[0069] Inthisregard, in the presentembodiment, when
the refrigerant discharge activation operation is per-
formed, the control unit 50 executes a second activation
control that selects the second protection control after
the refrigerant discharge activation operation. The pro-
cedures of the second activation control will now be de-
scribed with reference to Fig. 8.

[0070] In step S21, the control unit 50 determines
whether the refrigerant discharge activation operation is
performed. When determining in step S21 that the refrig-
erant discharge activation operation is performed (step
S21: YES), the control unit 50 determines in step S22
whether the refrigerant discharge activation operation is
completed. When determining in step S22 that the refrig-
erant discharge activation operation is completed (step
S22: YES), the control unit 50 selects the second pro-
tection control in step S23. When determining in step S22
that the refrigerant discharge activation operation is not
completed (step S22: NO), the control unit 50 again pro-
ceeds to the determination of step S22.

[0071] When determining in step S21 that the refriger-
ant discharge activation operation is not performed (step
S21: NO), the control unit 50 proceeds to the first activa-
tion control in step S24. The control unit 50 selects one
of the first protection control and the second protection
control based on the first activation control.

[0072] The present embodiment has the following ad-
vantages.

(2-1) When the refrigerant discharge activation operation
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is performed, the control unit 50 executes the second
protection control. When the refrigerant discharge acti-
vation operation has been completed, the probability of
occurrence of problems with the compressor 11 is low-
ered. Execution of the second protection control after the
refrigerant discharge activation operation allows the op-
erating frequency of the compressor 11 to reach the nec-
essary operating frequency FN quickly after the refriger-
ant discharge activation operation. Thus, the cooling or
heating operation starts up quickly.

Modified Examples

[0073] The description related to the above embodi-
ments exemplifies, without any intention to limit, applica-
ble forms of an air conditioner according to the present
disclosure. In addition to the embodiments described
above, the air conditioner according to present disclosure
is applicable to, for example, modified examples of the
above embodiment that are described below and com-
binations of at least two of the modified examples that
do not contradict each other.

[0074] In the embodiments, the control executed on
the compressor 11 to increase the operating frequency
ofthe compressor 11 to the necessary operating frequen-
cy FN in the second protection control may be changed
in any manner. More specifically, the control may be
changed in any manner on condition that the time for the
operating frequency of the compressor 11 to reach the
necessary operating frequency FN in the second protec-
tion control is shorter than the time for the operating fre-
quency of the compressor 11 to reach the necessary op-
erating frequency FN in the first protection control. The
second protection control may be changed, for example,
as described below in (A) to (F). (A) The first target fre-
quency FA1 and the second target frequency FA2 may
be changed in any manner. For example, the first target
frequency FA1 and the second target frequency FX2 may
have different values. In an example, the value of the first
target frequency FA1 may be greater than the value of
the second target frequency FX2 and less than the value
of the third target frequency FX3. In another example,
the second target frequency FA2 may be equal to the
fourth target frequency FX4. (B) The first period TA1 and
the second period TA2, during which the compressor 11
respectively maintains the first target frequency FA1 and
the second target frequency FA2, may be longer than or
equal to the first to fourth periods TX1 to TX4 of the first
protection control. (C) The first period TA1 and the sec-
ond period TA2, during which the compressor 11 respec-
tively maintains the first target frequency FA1 and the
second target frequency FA2, may be changed in any
manner. For example, the first period TA1 may differ from
the second period TA2. More specifically, the first period
TA1 and the second period TA2 may be separately set.
(D) The number of target frequencies in the second pro-
tection control is not limited to two and may be changed
in any manner. That is, the number of target frequencies
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in the second protection control may be one or three or
greater. (E) The modifications (A) to (D) may be com-
bined with one another. (F) When starting the second
protection control, the operating frequency of the com-
pressor 11 may be set to the necessary operating fre-
quency FN. That is, the target frequencies such as the
first target frequency FA1 may be omitted.

[0075] In the embodiments, the control executed on
the compressor 11 to increase the operating frequency
ofthe compressor 11 to the necessary operating frequen-
cy FN in the first protection control may be changed, for
example, as follows. (G) Each of the first to fourth target
frequencies FX1 to FX4 may be changed in any manner.
For example, the difference between the second target
frequency FX2 and the first target frequency FX1 may
differ from the difference between the third target fre-
quency FX3 and the second target frequency FX2. The
difference between the fourth target frequency FX4 and
the third target frequency FX3 may differ from the differ-
ence between the third target frequency FX3 and the
second target frequency FX2. (H) The first to fourth pe-
riods TX1 to TX4, during which the compressor 11 re-
spectively maintains the first to fourth target frequencies
FX1 to FX4, may be changed in any manner. For exam-
ple, some of the first to fourth periods TX1 to TX4 may
differ from the rest of the first to fourth periods TX1 to
TX4. (1) The number of target frequencies in the first pro-
tection control is not limited to four and may be changed
in any manner. That is, the number of target frequencies
in the first protection control may be three or five or great-
er.

[0076] Inthe embodiments, the temperature DF of the
discharge pipe of the compressor 11 and the ambient
temperature DOA may be added to the conditions for
selecting the first protection control and the second pro-
tection control. (c1) The temperature DF of the discharge
pipe is greater than or equal to a temperature threshold
value DFX (DF>DFX). (c2) The ambient temperature
DOA is greater than or equal to a determination temper-
ature threshold value DOAY (DOA>DOAY). (c3) The dif-
ference in temperature between the temperature DF of
the discharge pipe and the ambient temperature DOA is
greater than or equal to the temperature difference
threshold value DDY (DF-DOA>DDY).

[0077] The temperature threshold value DFX is a
threshold value that limits the condition for proceeding
to the maps MP1 and MP2 and is set in advance through
tests or the like. An example of the temperature threshold
value DFX is -3°C. The determination temperature
threshold value DOAY is a determination value that limits
the condition for proceeding to the maps MP1 and MP2
andis setin advance through tests or the like. An example
of the determination temperature threshold value DOAY
is -15°C. The temperature difference threshold value
DDY is a threshold value that limits the condition for pro-
ceeding to the maps MP1 and MP2 and is set in advance
through tests or the like.

[0078] The controlunit50 stores a map MP3 specifying
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the relationship between the temperature DF of the dis-
charge pipe of the compressor 11 and the ambient tem-
perature DOA to select the first protection control and
the second protection control. Fig. 9 shows an example
of the map MP3. In the map MP3, the vertical axis indi-
cates the temperature DF of the discharge pipe of the
compressor 11, and the horizontal axis indicates the am-
bient temperature DOA. In the map MP3, the diagonal
line indicates the boundary condition of the difference in
temperature between the temperature DF of the dis-
charge pipe and the ambient temperature DOA. In the
map MP3, the unshaded region indicates a temperature
region R3 in which all of temperature conditions c1, c2,
and c3 are satisfied.

[0079] In thefirst activation control, after determination
of step S11 or determination of step S16, when deter-
mining that the cooling or heating operation is instructed
to be performed, the control unit 50 determines whether
the temperature DF ofthe discharge pipe and the ambient
temperature DOA are in the temperature region R3. More
specifically, the control unit 50 determines whether the
temperature DF of the discharge pipe of the compressor
11 and the ambient temperature DOA are in the temper-
atureregion R3. When determining that the temperatures
are in the temperature region R3, thatis, when determin-
ing that the temperature conditions c1, c2, and c3 are
satisfied, the control unit 50 uses the map MP1 when
starting the heating operation to select one of the first
protection control and the second protection control, and
uses the map MP2 when starting the cooling operation
to select one of the first protection control and the second
protection control. When determining that the tempera-
ture DF of the discharge pipe and the ambient tempera-
ture DOA are in a region outside the temperature region
R3, that is, when determining that at least one of the
temperature conditions ¢1, c2, and c3 is not satisfied, the
control unit 50 executes the first protection control. As
described above, when the relationship between the tem-
perature DF of the discharge pipe of the compressor 11
and the ambient temperature DOA is added to the con-
ditions for executing the second protection control, the
second protection control is executed more appropriately
in the cooling or heating operation.

[0080] Inthe map MP3 shown in Fig. 9, in a tempera-
ture region R4 in which the ambient temperature DOA is
less than the determination temperature threshold value
DOAY, a third protection control that differs from the first
protection control and the second protection control may
be executed as the compressor protection control. In an
example of the third protection control, the control unit
50 controls the compressor 11 so that the time for the
operating frequency of the compressor 11 to reach the
necessary operating frequency FN is longer than the time
(the period TX) for the operating frequency of the com-
pressor 11 to reach the necessary operating frequency
FN in the first protection control.

[0081] Inthe map MP3 shown in Fig. 9, in a tempera-
ture region R5, the ambient temperature DOA is greater
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than or equal to the determination temperature threshold
value DOAY and less than a determination temperature
threshold value DOAZ that is greater than the determi-
nation temperature  threshold  value DOAY
(DOAZ>DOAY), and the temperature DF of the dis-
charge pipe of the compressor 11 is less than the tem-
perature threshold value DFX. In the temperature region
R5, a fourth protection control that differs from the first
protection control and the second protection control may
be executed as the compressor protection control. In an
example of the fourth protection control, the control unit
50 controls the compressor 11 so that the time for the
operating frequency of the compressor 11 to reach the
necessary operating frequency FN islonger than the time
(the period TX) for the operating frequency of the com-
pressor 11 to reach the necessary operating frequency
FN in the first protection control and is shorter than the
time for the operating frequency of the compressor 11 to
reach the necessary operating frequency FN in the third
protection control.

[0082] In the map MP3 shown in Fig. 9, in a tempera-
ture region R6, the ambient temperature DOA is greater
than or equal to the determination temperature threshold
value DOAZ, and the difference in temperature between
the temperature DF of the discharge pipe and the ambient
temperature DOA is less than the temperature difference
threshold value DDY. In the temperature region R6, a
fifth protection control that differs from the first protection
control and the second protection control may be exe-
cuted as the compressor protection control. In an exam-
ple of the fifth protection control, the control unit 50 con-
trols the compressor 11 so that the time for the operating
frequency of the compressor 11 to reach the necessary
operating frequency FN is longer than the time (the period
TX) for the operating frequency of the compressor 11 to
reach the necessary operating frequency FN in the first
protection control and is shorter than the time for the op-
erating frequency of the compressor 11 to reach the nec-
essary operating frequency FN in the fourth protection
control.

[0083] Inthe embodiments, atleast one of the temper-
ature condition a1 of the heating operation or the tem-
perature condition b1 of the cooling operation may be
omitted from the first activation control.

[0084] Inthe embodiments, one of the outdoor control-
ler 16 and the indoor controller 23 may be omitted. For
example, when the indoor controller 23 is omitted, the
indoortemperature sensor 52 is connected to the outdoor
controller 16 by wire or through wireless communication.
In addition, the indoor fan 22 is connected to the outdoor
controller 16 by wire. In this case, the outdoor controller
16 corresponds to the control unit.

Claims

1. An air conditioner, comprising:
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a compressor (11) in which an operating fre-
quency is changeable; and

a control unit (50) that executes a compressor
protection control, the compressor protection
controlincreasing the operating frequency of the
compressor (11) to a necessary operating fre-
quency (FN) when starting a cooling operation
or a heating operation, wherein

the compressor protection control includes a
first protection control and a second protection
control,

the first protection control controls the operating
frequency so that a time from when the com-
pressor (11) is activated to when the operating
frequency reaches the necessary operating fre-
quency (FN) is relatively long,

the second protection control controls the oper-
ating frequency so that the time from when the
compressor (11) is activated to when the oper-
ating frequency reaches the necessary operat-
ing frequency (FN) is relatively short, and
when executing the compressor protection con-
trol, if a predetermined condition is satisfied, the
control unit (50) executes the second protection
control.

2. The air conditioner according to claim 1, wherein

the control unit (50) sets a first target frequency
(FA1,FX1)and a second target frequency (FA2,
FX2) in the compressor protection control,

the second target frequency (FA2, FX2)is great-
er than the first target frequency (FA1, FX1) and
is less than the necessary operating frequency
(FN),

the control unit (50) maintains the operating fre-
quency at the first target frequency (FA1, FX1)
for a first period (TA1, TX1) and at the second
target frequency (FA2, FX2) for a second period
(TA2, TX2) so that the operating frequency is
increased in a stepped manner,

the first target frequency (FA1) of the second
protection control is greater than the first target
frequency (FX1) of the first protection control,
and

the second target frequency (FA2) of the second
protection control is greater than the second tar-
get frequency (FX2) of the first protection con-
trol.

3. Theairconditioneraccording to claim 1 or 2, wherein

the control unit (50) sets a first target frequency
(FA1,FX1)and a second target frequency (FA2,
FX2) in the compressor protection control,

the second target frequency (FA2, FX2)is great-
er than the first target frequency (FA1, FX1) and
is less than the necessary operating frequency
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(FN),

the control unit (50) maintains the operating fre-
quency at the first target frequency (FA1, FX1)
for a first period (TA1, TX1) and at the second
target frequency (FA2, FX2) for a second period
(TA2, TX2) so that the operating frequency is
increased in a stepped manner,

the first period (TA1) of the second protection
control is shorter than the first period (TX1) of
the first protection control, and

the second period (TA2) of the second protec-
tion control is shorter than the second period
(TX2) of the second protection control.

The air conditioner according to any one of claims 1
to 3, wherein the predetermined condition in the
heating operation differs from the predetermined
condition in the cooling operation.

The air conditioner according to any one of claims 1
to 4, wherein the predetermined condition includes
an indoor air temperature (DA), an outdoor air tem-
perature (DOA), and a temperature difference (DA-
DOA) between the indoor air temperature and the
outdoor air temperature.

The air conditioner according to claim 5, wherein the
predetermined condition in the heating operation is
that the indoor air temperature (DA) is less than or
equal to a room temperature threshold value (DAX1,
DAX2), that the outdoor air temperature (DOA) is
greater than or equal to an outdoor temperature
threshold value (DOAX1,DOAX 2), and that the tem-
perature difference (DA-DOA) between the indoor
airtemperature (DA) and the outdoor air temperature
(DOA) is less than or equal to a temperature differ-
ence threshold value (DDX1, DDX2).

The air conditioner according to any one of claims 1
to 6, wherein the predetermined condition includes
a temperature (DF) of a discharge pipe of the com-
pressor and an outdoor air temperature (DOA).
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Fig.2
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Fig.7
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