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(54) AIR CONDITIONER

(567)  Anair conditioner that performs an air condition-
ing operation in an indoor space includes a compressor
(12) and a controller (33) that controls an operating fre-
quency of the compressor (12) at a predetermined up-
date interval in accordance with an air conditioning load
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date interval when a first condition indicating that the air
conditioning load is low and a second condition indicating
that a performance of the compressor (12) to the air con-
ditioning load is high are satisfied.
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Description

TECHNICAL FIELD

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

BACKGROUND ART

[0002] Conventionally, an air conditioner that performs

air conditioning by a refrigerant circulating in a refrigerant
circuit is known. The refrigerant circuit includes a heat
source-side heatexchanger, ausage-side heatexchang-
er, and a compressor for circulating the refrigerant. There
is also known a technique of temporarily stopping a com-
pressor when an indoor temperature reaches a prede-
termined target temperature and operating the compres-
sor again when the indoor temperature deviates from the
predetermined target temperature (see, for example,
Patent Literature 1).

CITATION LIST
[PATENT LITERATURE]

[0003] PATENT LITERATURE 1: Japanese Patent
No. 6072424

SUMMARY OF THE INVENTION
[TECHNICAL PROBLEM]

[0004] In the technique described in Patent Literature
1, control is performed in which an operating frequency
of the compressor is increased, maintained, or de-
creased in accordance with a temperature difference be-
tween the indoor temperature and the target temperature
and a gradient of the temperature difference (a change
amount of the temperature difference per unit time) to
bring the indoor temperature close to the target temper-
ature. For example, under a situation where an air con-
ditioning load is low and the temperature difference is
small, control is performed such that a descending gra-
dient of the temperature difference becomes gentle by
lowering the operating frequency of the compressor.
When the temperature difference between the indoor
temperature and the target temperature falls below a pre-
determined threshold, the compressor is temporarily
stopped to stop air conditioning.

[0005] However, in the technique described in Patent
Literature 1, since the operating frequency of the com-
pressor is controlled at regular time intervals (for exam-
ple, every five minutes), when the descending gradient
of the temperature difference is large in a state where
the air conditioning load is low, the temperature differ-
ence falls below the threshold for temporarily stopping
the compressor by the next timing of controlling the op-
erating frequency of the compressor, and there is a pos-
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sibility that a frequency (hereinafter, also referred to as
a "start/stop frequency") at which the compressor is the
temporarily stopped and operated again repeatedly be-
comes high. When the start/stop frequency of the com-
pressor is high, a load on the compressor increases.
[0006] An object of the present disclosure is to sup-
press a start/stop frequency of a compressor.

[SOLUTION TO PROBLEM]
[0007]

(1) The present disclosure provides an air condition-
er that performs an air conditioning operation in an
indoor space, the air conditioner including

a compressor,
a controller that controls an operating frequency
of the compressor at a predetermined update
interval in accordance with an air conditioning
load in the indoor space, in which

the controller shortens the update interval when
a first condition indicating that the air condition-
ing load is low and a second condition indicating
that a performance of the compressor is high
with respect to the air conditioning load are sat-
isfied.

Inthe above configuration, when a condition that
the air conditioning load is low and a perform-
ance of the compressor is high for the air con-
ditioning load is satisfied, an interval (control in-
terval) for updating the operating frequency of
the compressor is shortened. Therefore, the op-
erating frequency of the compressor can be con-
trolled before the compressor is temporarily
stopped, and the temporary stop of the compres-
sor can be suppressed. Accordingly, a start/stop
frequency of the compressor can be sup-
pressed.

(2) The first condition preferably includes that a dif-
ference between an indoor temperature and a target
indoor temperature is equal to or less than a first
threshold.

In this configuration, since the difference between
the indoor temperature indicating a substantial air
conditioning load and the target indoor temperature
isequaltoorlessthan thefirstthreshold, itis possible
to determine that the load is low.

(3) The second condition preferably includes that a
change amount per unit time of a difference between
an indoor temperature and a target indoor tempera-
ture is equal to or less than a second threshold y
(where y < 0).

The change amount per unit time of the difference
between the indoor temperature and the target in-
door temperature indicates a level of performance
of the compressor for the air conditioning load, and
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itcan be said that the performance of the compressor
is higher for the air conditioning load as the change
amount increases in a negative direction when the
load is low. Therefore, in the above configuration, it
is possible to determine that the performance of the
compressor is high for the air conditioning load.

(4) The second condition preferably includes that a
change amount per unit time of a difference between
an indoor temperature and a target indoor tempera-
ture is equal to or less than a second threshold y
(where y < 0), and

the first condition preferably includes that, after
the second condition is satisfied, the difference
is estimated to be less than or equal to a first
threshold within a predetermined time on a basis
of the change amount.

In the above configuration, after the second con-
dition is satisfied, a future progress of the differ-
ence between the indoor temperature and the
target temperature is estimated by using the
change amount per unit time of the difference.
Then, the update interval of the operating fre-
quency of the compressor can be shortened ear-
ly, and the compressor can be prevented from
reaching the difference in which the compressor
temporarily stops.

(5) The controller preferably maintains a state in
which the update interval is shortened until the first
condition is released after the first condition and the
second condition are satisfied.

Such a configuration can prevent control from being
unstable due to frequent switching between short-
ening and extension of the update interval of the op-
erating frequency of the compressor.

(6) The controller preferably extends the update in-
terval when a third condition setin advance is further
satisfied after the first condition is released.

(7) The third condition preferably includes that a pre-
determined time elapses.

(8) The third condition preferably includes that the
difference exceeds a third threshold higher than the
first threshold.

BRIEF DESCRIPTION OF DRAWINGS
[0008]

FIG. 1 is a schematic refrigerant circuit diagram of
an air conditioner according to a first embodiment of
the present disclosure.

FIG. 2 is a block diagram of the air conditioner.
FIG. 3(a) is a graph schematically showing a tem-
poral change in a difference between an indoor tem-
perature and atarget value of the indoor temperature
in a cooling operation, FIG. 3(b) is a graph schemat-
ically showing a temporal change in an evaporation
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temperature of a refrigerant in an indoor heat ex-
changer and a target value of the evaporation tem-
perature, and FIG. 3(c) is a graph schematically
showing a temporal change in an operating frequen-
cy of a compressor.

FIG. 4 is an enlarged graph showing a main part of
atemporal changein a difference between the indoor
temperature and the target value of the indoor tem-
perature during the cooling operation.

FIG.5is aflowchartshowing a procedure of process-
ing of changing an update interval of the operating
frequency of the compressor.

FIG. 6 is a flowchart showing the procedure of
processing of changing the update interval of the op-
erating frequency of the compressor.

FIG. 7 is an enlarged graph showing a main part of
atemporal changein a difference between the indoor
temperature and the target value of the indoor tem-
perature during the cooling operation in a second
embodiment.

DETAILED DESCRIPTION

[0009] Embodiments of an air conditioning system will
be described in detail with reference to the accompanying
drawings.

[First embodiment]

[0010] FIG. 1is a schematic refrigerant circuit diagram
of an air conditioner according to a first embodiment of
the present disclosure. FIG. 2 is a block diagram of the
air conditioner.

[0011] The air conditioner 1 adjusts a temperature of
airin an indoor space as an air conditioning target space
to a predetermined target temperature. The air condition-
er 1 according to the present embodiment cools and
heats the indoor space. The air conditioner 1 includes an
outdoor unit 2, an indoor unit 3, and a refrigerant circuit
4 that circulates a refrigerant between the outdoor unit 2
and the indoor unit 3.

[0012] The refrigerant circuit 4 includes a compressor
12, a four-way switching valve 17, an outdoor heat ex-
changer (heat source heat exchanger) 14, a first expan-
sion valve 13, a receiver 25, a second expansion valve
15, a liquid shutoff valve 19, an indoor heat exchanger
(utilization heat exchanger) 11, a gas shutoff valve 20,
an accumulator 16, refrigerant pipes 10L and 10G that
connect the above components, and the like.

[0013] The indoor unit 3 includes the indoor heat ex-
changer 11 constituting the refrigerant circuit 4. The in-
door heat exchanger 11 is of a cross-fin tube type or a
microchannel type, and is used for heat exchange with
indoor air.

[0014] The indoor unit 3 further includes an indoor fan
21, anindoor controller 22, an indoor temperature sensor
23, a refrigerant temperature sensor 27, and a remote
controller 24. The indoor fan 21 is configured to take in-
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door air into the indoor unit 3, cause heat exchange be-
tween the taken air and the refrigerant flowing through
the indoor heat exchanger 11, and blow the air to the
indoor space. The indoor fan 21 includes a motor having
an operating frequency adjustable by inverter control.
[0015] The indoor controller 22 controls an operation
of the indoor fan 21. The indoor controller 22 is consti-
tuted by a microcomputer including a calculation unit
such as a CPU and a storage such as a RAM or a ROM.
The indoor controller 22 may include an integrated circuit
such as an FPGA or an ASIC.

[0016] The indoor temperature sensor 23 measures
indoor temperature. Information on the indoor tempera-
ture detected by the indoor temperature sensor 23 is
transmitted to the indoor controller 22. The indoor con-
troller 22 transmits the received information on the indoor
temperature to an outdoor controller 33 described later.
[0017] The refrigerant temperature sensor 27 detects
a temperature of a refrigerant (gas-liquid two-phase re-
frigerant) flowing in the indoor heat exchanger 11. When
the indoor heat exchanger 11 is an evaporator, the tem-
perature detected by the refrigerant temperature sensor
27 isan evaporation temperature of the refrigerant. When
the indoor heat exchanger 11 is a condenser, the tem-
perature detected by the refrigerant temperature sensor
27 is a condensation temperature of the refrigerant. In-
formation on the temperature of the refrigerant detected
by the refrigerant temperature sensor 27 is transmitted
to the indoor controller 22. The indoor controller 22 trans-
mits the received information on the temperature of the
refrigerant to the outdoor controller 33 described later.
[0018] The remote controller 24 is used to perform op-
erations such as input of start and stop of an air condi-
tioning operation, input of operating modes of cooling
and heating, and input of a targetindoor temperature (set
temperature). The remote controller 24 includes a display
that displays the operating mode and the set tempera-
ture. The remote controller 24 is connected to the indoor
controller 22 in a wired or wireless manner. Information
input in the remote controller 24 is transmitted to the in-
door controller 22 and the outdoor controller 33.

[0019] The outdoor unit 2 includes the compressor 12,
the four-way switching valve 17, the outdoor heat ex-
changer 14, the first expansion valve 13, the receiver 25,
the second expansion valve 15, the liquid shutoff valve
19, a gas shutoff valve 20, and the accumulator 16 that
constitute the refrigerant circuit 4.

[0020] The compressor 12 sucks a low-pressure gas
refrigerant and discharges a highpressure gas refriger-
ant. The compressor 12 includes a motor having an op-
erating frequency adjustable by inverter control. The
compressor 12 is of a variable displacement type (per-
formance variable type) having capacity (performance)
variable by inverter control of the motor.

[0021] The four-way switching valve 17 reverses the
flow of refrigerant in the refrigerant pipe and switches
and supplies the refrigerant discharged from the com-
pressor 12 to either the outdoor heat exchanger 14 or
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the indoor heat exchanger 11. As a result, the air condi-
tioner 1 can switch between a cooling operation and a
heating operation.

[0022] The outdoor heat exchanger 14 is a heat ex-
changer of a cross-fin tube type or a microchannel type,
for example. The outdoor heat exchanger 14 exchanges
heat with the refrigerant using air as a heat source to
condense or evaporate the refrigerant. The first and sec-
ond expansion valves 13 and 15 are constituted by elec-
tric valves capable of adjusting a refrigerant flow rate and
the like, and decompress the passing refrigerant.
[0023] The receiver 25 stores excess refrigerant to cir-
culate an appropriate amount of refrigerant in the refrig-
erant circuit 4. The receiver 25 also functions as a gas-
liquid separator that separates a liquid phase and a gas
phase of the refrigerant. One end of a bypass pipe 31 is
connected to the receiver 25, and the other end of the
bypass pipe 31 is connected to arefrigerant pipe between
the four-way switching valve 17 and the accumulator 16.
The bypass pipe 31 is provided with an electromagnetic
valve 26 that opens and closes a flow path.

[0024] The accumulator 16 temporarily reserves alow-
pressure refrigerant to be sucked into the compressor 12
to separate a gas refrigerant and a liquid refrigerant. The
liquid shutoff valve 19 is amanually operated on-off valve.
The gas shutoff valve 20 is also a manually operated on-
off valve. The liquid shutoff valve 19 and the gas shutoff
valve 20 are closed to block refrigerant flows in the re-
frigerant pipes 10L and 10G, and are opened to allow
the refrigerant flows in the refrigerant pipes 10L and 10G.
[0025] The outdoor unit 2 further includes an outdoor
fan 18, temperature sensors 28, 29, 30, and the like. The
outdoor fan 18 includes a motor having an operating fre-
quency adjustable by inverter control. The outdoor fan
18 is configured to take outdoor air into the outdoor unit
2, cause heat exchange with the taken air and the refrig-
erant flowing through the outdoor heat exchanger 14,
and blow the air to outside of the outdoor unit 2.

[0026] Thetemperature sensors 28,29, and 30include
refrigerant temperature sensors 28, 29, and 30 that de-
tect the temperature of the refrigerant. The refrigerant
temperature sensor 28 detects a temperature of a refrig-
erant (gas-liquid two-phase refrigerant) flowing through
the outdoor heat exchanger 14. When the outdoor heat
exchanger 14 is an evaporator, the temperature detected
by the refrigerant temperature sensor 28 is an evapora-
tion temperature of the refrigerant. When the outdoor
heat exchanger 14 is a condenser, the temperature de-
tected by the refrigerant temperature sensor 28 is a con-
densation temperature of the refrigerant. The refrigerant
temperature sensor 29 detects the temperature of the
refrigerant sucked into the compressor 12. The refriger-
ant temperature sensor 30 detects the temperature of
the refrigerant discharged from the compressor 12.
[0027] The evaporation temperature and the conden-
sation temperature of the refrigerant, a degree of super-
heating of the refrigerant, a degree of subcooling of the
refrigerant, and the like in the outdoor heat exchanger
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14 and the indoor heat exchanger 11 are obtained by
using detection values of the refrigeranttemperature sen-
sors 27, 28, 29, and 30, and the operating frequency of
the compressor 12, opening degrees of the first and sec-
ond expansion valves 13 and 15, and the like are con-
trolled so as to adjust the above values. Instead of the
above control, pressure sensors may be provided on a
suction side and a discharge side of the compressor 12,
the evaporation temperature and the condensation tem-
perature of the refrigerantin the outdoor heat exchanger
14 and the indoor heat exchanger 11, the degree of su-
perheating and the degree of subcooling of the refriger-
ant, and the like may be obtained by using the values of
the pressure sensors and the values of the refrigerant
temperature sensors 29 and 30, and the operating fre-
quency of the compressor 12, the opening degrees of
the first and second expansion valves 13 and 15, and
the like may be controlled so as to adjust the above val-
ues.

[0028] The outdoor unit 2 further includes the outdoor
controller 33. The outdoor controller 33 is constituted by
a microcomputer including a calculation unit such as a
CPU and a storage such as a RAM or a ROM. The out-
door controller 33 achieves a predetermined function by
the calculation unit executing a program stored in the
storage. The outdoor controller 33 may include an inte-
grated circuit such as an FPGA or an ASIC. The outdoor
controller 33 is communicably connected to the indoor
controller 22 via a transmission line.

[0029] The detection values of the various sensors 28
to 30 provided inthe outdoor unit2 are inputto the outdoor
controller 33. The outdoor controller 33 and the indoor
controller 22 control operations of the compressor 12,
the expansion valves 13 and 15, the outdoor fan 18, the
indoor fan 21, and the like on the basis of the detection
values of the various sensors 27 to 30 and the like.
[0030] When the air conditioner 1 thus configured ex-
ecutes the cooling operation, the four-way switching
valve 17 is maintained in a state indicated by solid lines
inFIG. 1. The compressor 12 discharges a gas refrigerant
having high temperature and high pressure, which flows
into the outdoor heat exchanger 14 via the four-way
switching valve 17, and exchanges heat with outdoor air
by operation of the outdoor fan 18 to be condensed and
liquefied. The liquefied refrigerant flows into the receiver
25 through the first expansion valve 13. The opening de-
gree of the first expansion valve 13 is adjusted such that
the degree of subcooling of the refrigerant flowing out of
the outdoor heat exchanger 14 becomes a target value.
Inthe receiver 25, the refrigerant is separated into a liquid
phase and a gas phase, the liquid phase flows into the
second expansion valve 15, and the gas phase flows into
the accumulator 16 through the bypass pipe 31. The lig-
uid phase of the refrigerant is decompressed by the sec-
ond expansion valve 15into a gas-liquid two-phase, flows
into the indoor heat exchanger 11, exchanges heat with
indoor air, and evaporates. The indoor air cooled by the
evaporation of the refrigerant is blown into the indoor
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space by the indoor fan 21 to cool the indoor space. The
opening degree of the second expansion valve 15 is ad-
justed such that the degree of superheating of the refrig-
erant flowing out of the indoor heat exchanger 11 be-
comes a target value. The refrigerant flowing out of the
indoor heat exchanger 11 returns to the outdoor unit 2
through the gas refrigerant pipe 10G, and is sucked into
the compressor 12 through the four-way switching valve
17 and the accumulator 16. The outdoor controller 33
compares the indoor temperature detected by the indoor
temperature sensor 23 with the target temperature, and
controls the operating frequency of the compressor 12
in accordance with a difference between the indoor tem-
perature and the target temperature.

[0031] The outdoor controller 33 performs control to
stop the cooling operation by temporarily stopping the
compressor 12when the indoor temperature drops below
the target temperature, and to restart the cooling opera-
tion by driving the compressor 12 when the indoor tem-
perature exceeds the target temperature again. It is
therefore possible to suppress excessive cooling of the
indoor space.

[0032] When the air conditioner 1 executes the heating
operation, the four-way switching valve 17 is maintained
in a state indicated by broken lines in FIG. 1. The com-
pressor 12 discharges the gas refrigerant having high
temperature and high pressure, which flows into the in-
door heat exchanger 11 of the indoor unit 3 through the
four-way switching valve 17. Intheindoor heat exchanger
11, the refrigerant exchanges heat with indoor air to be
condensed and liquefied. The indoor air heated by the
condensation of the refrigerant is blown into the indoor
space by the indoor fan 21 to heat the indoor space. The
refrigerant liquefied in the indoor heat exchanger 11 re-
turns to the outdoor unit 2 through the liquid refrigerant
pipe 10L, and flows into the receiver 25 through the sec-
ond expansion valve 15. The opening degree of the sec-
ond expansion valve 15 is adjusted such that the degree
of subcooling of the refrigerant flowing out of the indoor
heat exchanger 11 becomes a target value. In the receiv-
er 25, the refrigerant is separated into a liquid phase and
a gas phase, the liquid phase flows into the first expan-
sion valve 13, and the gas phase flows into the accumu-
lator 16 through the bypass pipe 31. The liquid phase of
the refrigerant is decompressed by the first expansion
valve 13 into a gas-liquid two-phase, flows into the out-
door heat exchanger 14, exchanges heat with outdoor
air, and evaporates. The opening degree of the first ex-
pansion valve 13 is adjusted such that the degree of su-
perheating of the refrigerant flowing out of the outdoor
heat exchanger 14 becomes a target value. The refrig-
erant evaporated and vaporized in the outdoor heat ex-
changer 14 is sucked into the compressor 12 through the
four-way switching valve 17 and the accumulator 16. The
outdoor controller 33 compares the indoor temperature
detected by the indoor temperature sensor 23 with the
target temperature, and controls the operating frequency
of the compressor 12 in accordance with a difference
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between the indoor temperature and the target temper-
ature.

[0033] The outdoor controller 33 performs control to
stop the heating operation by temporarily stopping the
compressor 12 when the indoor temperature increases
above the target temperature, and to restart the heating
operation by driving the compressor 12 when the indoor
temperature falls below the target temperature again. It
is therefore possible to suppress excessive heating of
the indoor space.

[0034] FIG. 3(a) is a graph schematically showing a
temporal change in a difference between the indoor tem-
perature and the target value of the indoor temperature
in the cooling operation, FIG. 3(b) is a graph schemati-
cally showing a temporal change in the evaporation tem-
perature of the refrigerant in the indoor heat exchanger
and a target value of the evaporation temperature, and
FIG. 3(c) is a graph schematically showing a temporal
change in the operating frequency of the compressor.
[0035] In FIG. 3(a), ATrs is a difference between the
indoor temperature and the target temperature (= indoor
temperature - target temperature (during the cooling op-
eration)). The difference ATrs can take not an absolute
value butboth positive and negative values. As described
above, the outdoor controller 33 controls the operation
of the compressor 12 on the basis of the difference ATrs
between the indoor temperature and the target temper-
ature. Specifically, the outdoor controller 33 obtains the
difference ATrs between the indoor temperature and the
target temperature as shownin FIG. 3(a), obtains a target
value TeS of an evaporation temperature Te of the re-
frigerant flowing through the indoor heat exchanger 11
such that the difference ATrs approaches a predeter-
mined threshold (first threshold) o as shown in FIG. 3(b),
and controls the operating frequency of the compressor
12 such that the evaporation temperature Te becomes
the target value TeS as shown in FIG. 3(c).

[0036] Forexample, when the difference ATrs is larger
than the predetermined threshold o, the outdoor control-
ler 33 sets the target value TeS so as to further decrease
the evaporation temperature Te, and controls the com-
pressor 12 so as to increase the operating frequency. On
the other hand, when the difference ATrs is smaller than
the predetermined threshold o, the outdoor controller 33
sets the target value TeS so as to further increase or
maintain the evaporation temperature Te, and controls
the compressor 12 so as to decrease or maintain the
operating frequency. The threshold o can be set within
a range of 0°C to 1.0°C, for example, and is preferably
setto 0.5°C.

[0037] On the other hand, when the difference ATrs
between the indoor temperature and the target temper-
ature reaches a threshold B which is lower than the
threshold o, the outdoor controller 33 stops the compres-
sor 12 to temporarily stop the cooling operation in order
to suppress excessive cooling of the indoor space.
Thereafter, when the difference ATrs increases to a pre-
determined value or more (for example, up to the thresh-
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old a), the outdoor controller 33 drives the compressor
12 again to restart the cooling operation.

[0038] The outdoorcontroller 33 updates the operating
frequency of the compressor 12 every predetermined
time. Specifically, the outdoor controller 33 controls the
operating frequency of the compressor 12 at predeter-
mined update intervals according to the difference ATrs
between the indoor temperature and the target temper-
ature. In the example shown in FIG. 3(a), FIG. 3(b), and
FIG. 3(c), the outdoor controller 33 updates the operating
frequency of the compressor 12 at predetermined update
intervals ta between times t1 to t3.

[0039] As described above, the outdoor controller 33
stops the compressor 12 to temporarily stop the cooling
operation when the difference ATrs reaches the prede-
termined threshold 3, and drives the compressor 12 to
restart the cooling operation when the difference ATrs
increases to a predetermined temperature again. If a fre-
quency (start/stop frequency) of switching between the
stop and the drive of the compressor 12 increases due
to this operation, a load on the compressor 12 increases,
and there is a possibility that operation efficiency de-
creases.

[0040] In the air conditioner 1 according to the present
embodiment, in order to reduce the start/stop frequency
of the compressor 12 as described above, the outdoor
controller 33 executes processing of shortening the up-
date interval of the operating frequency of the compres-
sor 12. This processing will be described in detail below.
[0041] AsshowninFIG. 3(a), when the difference ATrs
is higher than the threshold «, the outdoor controller 33
updates the operating frequency of the compressor 12
at the update intervals ta. However, if the operating fre-
quency of the compressor 12 is updated at the update
intervals ta even after the difference ATrs reaches the
threshold value o, the difference ATrs reaches the thresh-
old value B at a time point (time point of time t4’) until the
next update is reached as indicated by a two-dot chain
line in FIG. 3(a), and control is performed to temporarily
stop the compressor 12. Therefore, the start/stop fre-
quency of the compressor 12 increases, and there is a
possibility that the load on the compressor 12 increases.
[0042] When the difference ATrs between the indoor
temperature and the target temperature satisfies a pre-
determined condition, the outdoor controller 33 accord-
ing to the present embodiment executes processing of
shortening the update interval of the operating frequency
of the compressor 12. Specifically, the predetermined
condition is as follows.

First condition: Low air conditioning load (low load
operation)

Second condition: High performance of compressor
for air conditioning load (excessive performance op-
eration)

[0043] The low load operation in the first condition
means an operation in which a substitute value indicating
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an air conditioning load during the cooling operation or
the heating operation satisfies a predetermined condi-
tion. For example, a magnitude of the air conditioning
load of the air conditioner 1 can be indicated by the dif-
ference ATrs between the indoor temperature and the
set temperature. The difference ATrs is a value obtained
by subtracting the set temperature from the indoor tem-
perature during the cooling operation, and is a value ob-
tained by subtracting the indoor temperature from the set
temperature during the heating operation. It can be said
that the larger the difference ATrs, the larger the air con-
ditioning load, and it is necessary to increase air condi-
tioning capacity until the indoor temperature reaches the
target temperature. On the other hand, it can be said that
the smaller the difference ATrs, the smaller the air con-
ditioning load, and the air conditioning capacity is not
required so much for the indoor temperature to reach the
target temperature. Therefore, in the present embodi-
ment, it is set as the first condition that the difference
ATrs indicating the air conditioning load is equal to or less
than the predetermined threshold (first threshold) a.
[0044] The excessive performance operation in the
second condition means an operation in which a substi-
tute value indicating a level of the performance of the
compressor 12 for the air conditioning load satisfies a
predetermined condition during the cooling operation or
the heating operation. For example, the level of the per-
formance of the compressor 12 for the air conditioning
load can be indicated by a change amount of the differ-
ence ATrs in unit time. As shown in FIG. 4, the change
amount is a ratio between a predetermined time At and
a change Ax of the difference ATrs at the time At, and
corresponds to a slope A (Ax/At) of a graph. The smaller
the slope A, in other words, the larger a downward gra-
dient of the slope A, the higher the air conditioning ca-
pacity (excessive performance) for the air conditioning
load. In the present embodiment, a condition that the
slope A of the graph is equal to or less than a predeter-
mined threshold (second threshold) y (where y < 0) is set
as the second condition.

[0045] In the example shown in FIG. 4, since the dif-
ference ATrs reaches the threshold o at time t3, the first
condition is satisfied. At time t3, the slope A (Ax/At) of
the immediately preceding difference ATrs is equal to or
less than the predetermined threshold y, and the second
condition is satisfied. Therefore, the outdoor controller
33 shortens the update interval of the operating frequen-
cy of the compressor 12 from ta to tb. As a result, the
operating frequency of the compressor 12 can be updat-
ed at time t4 before reaching time t4’, the difference ATrs
can be turned to rise before reaching the threshold §,
and a temporary stop of the compressor 12 can be pre-
vented.

[0046] FIG.5 and FIG. 6 are flowcharts showing a pro-
cedure of processing of changing the update interval of
the operating frequency of the compressor. Hereinafter,
an example of the procedure for changing the update
interval of the operating frequency of the compressor 12
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will be described. In the following description, a normal
operation state of the air conditioner 1 in which the first
and second conditions are not satisfied (operation state
up to time t3 in FIG. 3) is referred to as "standard oper-
ation", and an operation state with low load and excessive
performance in which the first and second conditions are
satisfied is referred to as "low load operation". FIG. 5 and
FIG. 6 describe only the processing of changing the up-
date interval of the operating frequency of the compres-
sor 12, and do not include the control of the operating
frequency of the compressor 12.

[0047] In step S1 in FIG. 5, the outdoor controller 33
determines whether the operation state of the air condi-
tioner 1 is the standard operation. The outdoor controller
33 advances the processing to step S2 if the determina-
tion in step S1 is positive (Yes), and advances the
processing to step S9 (see FIG. 6) if the determination
is negative (No).

[0048] In step S2, the outdoor controller 33 acquires
the indoor temperature which is the detection value of
the temperature sensor 23. Next, in step S3, the outdoor
controller 33 acquires the target indoor temperature set
by the remote controller 24. In step S4, the outdoor con-
troller 33 calculates the difference ATrs between the ac-
quired indoor temperature and the target temperature.
[0049] Instep S5, the outdoor controller 33 determines
whether the difference ATrs is equal to or less than the
predetermined threshold a as the first condition. The out-
door controller 33 advances the processing to step S6 if
the determination in step S5 is positive (Yes), and returns
the processing to step S1 if the determination is negative
(No).

[0050] In step S6, the outdoor controller 33 calculates
the change amount of the difference ATrs per unit time
immediately before the condition in step S5 is satisfied.
In other words, the outdoor controller 33 calculates the
ratio (the slope A (= Ax/At) of the graph) between the
predetermined time At and the change Ax of the differ-
ence ATrs atthe time At. In step S7, the outdoor controller
33 determines whether the slope A is equal to or less
than the predetermined threshold y as the second con-
dition. The outdoor controller 33 advances the process-
ing to step S8 if the determination in step S7 is positive
(Yes), and returns the processing to step S1 if the deter-
mination is negative (No).

[0051] In step S8, the outdoor controller 33 shortens
the update interval of the operating frequency of the com-
pressor 12. For example, when the update interval is set
to 30 seconds in the standard operation, the update in-
terval is set to a shorter time interval, for example, 15
seconds in the low load operation. For example, as
shown in FIG. 3 and FIG. 4, when the first and second
conditions are satisfied at time t3, the operating frequen-
cy of the compressor 12 is then controlled in accordance
with the difference ATrs at time t4 after the update interval
tb has elapsed. As a result, the difference ATrs increases
without reaching the threshold B, and the temporary stop
of the compressor 12 is suppressed.
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[0052] After shifting to the low load operation, the out-
door controller 33 acquires the indoor temperature in step
S9in FIG. 6. The outdoor controller 33 further acquires
the set temperature in step S10. Furthermore, in step
S11, the outdoor controller 33 calculates the difference
ATrs between the indoor temperature and the target tem-
perature. In step S12, the outdoor controller 33 deter-
mines whether the difference ATrs exceeds the prede-
termined threshold a. This determination is to determine
whether the first condition has been released.

[0053] Ifthe determinationinstep S12is positive (Yes),
in other words, if the outdoor controller 33 determines
that the first condition has been released, the processing
proceeds to step S13. On the other hand, if the determi-
nation in step S12 is negative (No), in other words, if the
outdoor controller 33 determines that the first condition
has notbeen released, the processing returns to step S9.
[0054] In step S13, the outdoor controller 33 deter-
mines whether a predetermined time tc has elapsed
since the first condition is released. This condition is a
third condition for returning from the low load operation
to the standard operation after the first condition is re-
leased. The outdoor controller 33 advances the process-
ing to step S14 after the condition of step S13 is satisfied.
[0055] In step S14, the outdoor controller 33 performs
processing of extending the update interval of the oper-
ating frequency of the compressor 12. Specifically, the
outdoor controller 33 performs processing of returning
the update interval (for example, 15 seconds) in the low
load operation to the update interval (for example, 30
seconds) in the standard operation. In the example
shown in FIG. 3, the update interval is extended from tb
to ta at a timing of time t8 after the predetermined time
tc has elapsed from a time point when the difference ATrs
exceeds the threshold a.

[0056] By extending the update interval as described
above, frequent control of the operating frequency of the
compressor 12 is suppressed, and a stable air condition-
ing operation can be performed.

[0057] Although the cooling operation has been de-
scribed above, the update interval can be similarly
changed for the heating operation. Specifically, the out-
door controller 33 calculates the difference ATrs (= target
temperature - indoor temperature) between the indoor
temperature and the target indoor temperature, obtains
a target value of the condensation temperature in the
indoor heat exchanger 11 in accordance with the differ-
ence ATrs, and controls the operating frequency of the
compressor 12 at predetermined update intervals (for ex-
ample, 30 seconds) such that the condensation temper-
ature becomes the target value. When the difference
ATrs reaches the threshold o as the first condition and
the change amount of the difference ATrs in unit time is
equal to or less than the predetermined threshold y as
the second condition, the outdoor controller 33 executes
the low load operation in which the update interval of the
operating frequency of the compressor 12 is shortened.
When the difference ATrs exceeds the threshold o during
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the low load operation, and then the predetermined time
tc elapses, the outdoor controller 33 executes the stand-
ard operation in which the update interval of the operating
frequency of the compressor 12 is extended.

[0058] In the above embodiment, the update interval
of the operating frequency of the compressor 12 is short-
ened by satisfying the second condition after the first con-
dition is satisfied. However, the update interval of the
operating frequency of the compressor 12 may be short-
ened by satisfying the first condition after the second con-
dition is satisfied.

[0059] In the above embodiment, the outdoor control-
ler 33 sets the target value of the evaporation tempera-
ture or the condensation temperature in the indoor heat
exchanger 11 in accordance with the difference ATrs be-
tween the indoor temperature and the target tempera-
ture, and controls the operating frequency of the com-
pressor 12 such that the evaporation temperature and
the condensation temperature reach the target values.
However, the operating frequency of the compressor 12
may be controlled such that the difference ATrs between
the indoor temperature and the target temperature falls
within a predetermined range including the predeter-
mined threshold value a.

[Second embodiment]

[0060] FIG.7isanenlarged graph showing a main part
of a temporal change in a difference between the indoor
temperature and the target value of the indoor tempera-
ture during the cooling operation in a second embodi-
ment.

[0061] In the first embodiment, when the difference
ATrs between the indoor temperature and the target tem-
perature is equal to or less than the predetermined
threshold a. (the first condition is satisfied) and the change
amount of the difference ATrs per unit time is equal to or
less than the predetermined threshold y (the second con-
dition is satisfied), the update interval of the operating
frequency of the compressor 12 is shortened. In the sec-
ond embodiment, as shown in FIG. 7, the outdoor con-
troller 33 shortens the update interval of the operating
frequency of the compressor 12 from ta to tb when the
change amount of the difference ATrs per unit time is
equal to or less than the predetermined threshold y (the
second condition is satisfied) and it is estimated that the
difference ATrs thereafter becomes equal to or less than
the predetermined threshold o until the predetermined
time td elapses (the first condition is satisfied).

[0062] Furthermore, in the first embodiment, when the
difference ATrs exceeds the predetermined threshold «,
the outdoor controller 33 performs the control to increase
the operating frequency of the compressor 12. However,
in the second embodiment, when the first condition and
the second condition are satisfied, the outdoor controller
performs the control to decrease or maintain the operat-
ing frequency of the compressor 12 even when the dif-
ference ATrs exceeds the threshold o. Therefore, when
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the first condition and the second condition are satisfied,
the difference ATrs is adjusted near the predetermined
threshold o and hardly falls below the threshold 8, and
thus, the temporary stop of the compressor 12 can be
suppressed and the start/stop frequency can be sup-
pressed.

[Other embodiments]

[0063] Inthe above embodiment, the timing of switch-
ing between the update interval ta and the update interval
tb may be a time point when the first condition and the
second condition are satisfied, or may be a time point
when the update interval ta ends after the first condition
and the second condition are satisfied. In the former case,
the time point when the first condition and the second
condition are satisfied is a start point ofthe update interval
tb, and the operating frequency of the compressor 12 is
updated at this time point. In the latter case, the time
point at which the update interval ta ends is the start point
of the update interval tb, and the operating frequency of
the compressor 12 is updated at this time point. The
former case is more preferable because the operating
frequency of the compressor 12 is updated quickly.
[0064] In the first embodiment, when the first condition
that the difference ATrs is equal to or less than the pre-
determined threshold a is satisfied, the second condition
may be that, instead of the change amount of the differ-
ence ATrs per unit time before the first condition is sat-
isfied, the change amount of the difference ATrs per unit
time after the first condition is satisfied is equal to or less
than the predetermined threshold y.

[0065] In the first embodiment, in order to return from
the low load operation to the standard operation, the con-
dition (third condition) is that the predetermined time tc
elapses after the difference ATrs exceeds the predeter-
mined threshold o, but the present disclosure is not lim-
ited this condition. For example, the condition (third con-
dition) may be that the difference ATrs exceeds another
threshold (for example, an upper limit of a dead zone
including the threshold o) higher than the predetermined
threshold o. Several update intervals ta in the standard
operation may be set in accordance with the air condi-
tioning load.

[0066] The difference ATrs is a value obtained by sub-
tracting the target temperature from the indoor temper-
ature during the cooling operation or a value obtained by
subtracting the indoor temperature from the target tem-
perature during the heating operation, but may be a value
obtained by slightly increasing or decreasing the value
by a corrected value.

[Action and effects of embodiments]
[0067]

(1) The air conditioner 1 according to the above em-
bodiment includes the compressor 12 and the con-
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troller 33 that controls the operating frequency of the
compressor 12 at a predetermined update interval
in accordance with the air conditioning load in the
indoor space. The controller 33 shortens the update
interval when the first condition indicating that the air
conditioning load is low and the second condition
indicating that the performance of the compressor
12 to the air conditioning load is high are satisfied.
Therefore, when a condition that the air conditioning
load is low and a performance of the compressor 12
is high for the air conditioning load is satisfied, an
interval (control interval) for updating the operating
frequency of the compressor 12 is shortened. There-
fore, the operating frequency of the compressor 12
can be controlled before the compressor 12 is tem-
porarily stopped. As a result, it is possible to sup-
press frequent occurrence of temporary stop and re-
start of the operation of the compressor 12.

(2) In the first embodiment, the first condition in-
cludes thata difference ATrs between an indoor tem-
perature and a target indoor temperature is equal to
or less than a first threshold . In this manner, since
the difference ATrs between the indoor temperature
and the target indoor temperature is equal to or less
than the first threshold o, it is possible to determine
that the load is low.

(3) In the first embodiment, the second condition in-
cludes that a change amount per unit time of the
difference ATrs between the indoor temperature and
the target indoor temperature is equal to or less than
a second threshold y (where y < 0). In this manner,
the change amount per unit time of the difference
ATrs between the indoor temperature and the target
indoor temperature indicates a level of performance
of the compressor 12 for the air conditioning load,
and it can be said that the performance of the com-
pressor 12 is higher for the air conditioning load as
the change amount increases in a negative direction
when the load is low. Therefore, in the above con-
figuration, it is possible to determine that the per-
formance of the compressor 12 is high for the air
conditioning load.

(4) In the second embodiment, the second condition
includes that the change amount per unit time of the
difference ATrs between the indoor temperature and
the target indoor temperature is equal to or less than
the second threshold y (where y < 0), and the first
condition includes that, after the second condition is
satisfied, the difference ATrs is estimated to be less
than or equal to the first threshold o within a prede-
termined time td on the basis of the change amount.
In this configuration, after the second condition is
satisfied, a future progress of the difference ATrs be-
tween the indoor temperature and the target temper-
ature is estimated by using the change amount of
the difference ATrs. Then, the update interval of the
operating frequency of the compressor 12 can be
shortened early, and the difference ATrs can be pre-
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vented from reaching the threshold 3 for temporarily
stopping the compressor 12.

(5) In the above embodiment, the controller 33 main-
tains a state in which the update interval is shortened
until the first condition is released after the first con-
dition and the second condition are satisfied. It is
therefore possible to prevent control from being un-
stable due to frequent switching between shortening
and extension of the update interval of the operating
frequency of the compressor 12.

(6) In the above embodiment, the controller 33 ex-
tends the update interval when a predetermined third
condition set in advance is further satisfied after the
first condition is released. Therefore, the state in
which the update interval is shortened can be main-
tained until the third condition is satisfied after the
firstcondition is released, anditis possible to prevent
control from being unstable due to frequent switching
between shortening and extension of the update in-
terval of the operating frequency of the compressor
12.

(7) In the above embodiment, the third condition in-
cludes that the predetermined time tc elapses after
the first condition is released. Alternatively, the third
condition includes that the difference ATrs exceeds
a third threshold higher than the first threshold a. In
either case, the update interval is extended after a
certain time elapses after the first condition is re-
leased, and it is possible to suppress frequent
switching between shortening and extension of the
update interval of the operating frequency of the
compressor 12.

The present disclosure should not be limited to

the above exemplification, but is intended to include any
changes recited in the claims within meanings and a
scope equivalent to those of the claims.

REFERENCE SIGNS LIST

[0069]

1

air conditioner

12  compressor

33  outdoor controller

ta update interval

tb update interval

o threshold (first threshold)

Y threshold (second threshold)

Claims

1. An air conditioner that performs an air conditioning

operationinanindoorspace, the air conditioner com-
prising:

a compressor (12);
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10

a controller (33) that controls an operating fre-
quency of the compressor (12) at a predeter-
mined update interval in accordance with an air
conditioning load in the indoor space, wherein
the controller (33) shortens the update interval
when a first condition indicating that the air con-
ditioning load is low and a second condition in-
dicating that a performance of the compressor
is high with respect to the air conditioning load
are satisfied.

The air conditioner according to claim 1, wherein the
first condition includes that a difference (ATrs) be-
tween an indoor temperature and a target indoor
temperature is equal to or less than a first threshold

().

The air conditioner according to claim 1 or 2, wherein
the second condition includes that a change amount
per unit time of a difference (ATrs) between an indoor
temperature and a targetindoor temperature is equal
to or less than a second threshold (y) (where y < 0).

The air conditioner according to claim 1, wherein

the second condition includes that a change
amount per unit time of a difference (ATrs) be-
tween an indoor temperature and a targetindoor
temperature is equal to or less than a second
threshold (y) (where y < 0), and

the first condition includes that, after the second
condition is satisfied, the difference (ATrs) is es-
timated to be less than or equal to a first thresh-
old (o) within a predetermined time (td) on a ba-
sis of the change amount.

The air conditioner according to any one of claims 1
to 4, wherein the controller (33) maintains a state in
which the update interval is shortened until the first
condition is released after the first condition and the
second condition are satisfied.

The air conditioner according to claim 5, wherein the
controller (33) extends the update interval when a
predetermined third condition set in advance is fur-
ther satisfied after the first condition is released.

The air conditioner according to claim 6, wherein the
third condition includes that a predetermined time
(tc) elapses.

The air conditioner according to claim 6 or 7, wherein
the third condition includes that the difference (ATrs)
exceeds a third threshold higher than the first thresh-
old (o).
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