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[Name of Document] ABSTRACT
[Abstract]

[Object] An air-conditioning apparatus that can minimize an intermittent
operation of the compressor so that a decrease in efficiency of the air-
conditioning apparatus caused by the intermittent operation and a variation of an
indoor inlet temperature caused by the intermittent operation can be reduced.

[Solution] It is determined whether thermo-off postponement control is allowed
or not on the basis of a current compressor operating frequency when a thermo-
off condition is satisfied. If it is determined that thermo-off postponement control
is allowed, the thermo-off postponement control in which a lowest operating
frequency in an operating frequency range of a compressor 1 is temporarily
reduced within a range greater than or equal to a minimum operating frequency
of the compressor 1 in use so as to continue an operation. If it is determined that
thermo-off postponement control is not allowed, thermo-off of stopping the
compressor 1 is performed.

[Selected Figure] Fig. 2
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[Name of Document] DESCRIPTION
[Title of Invention] AIR-CONDITIONING APPARATUS
[Technical Field]

[0001]

The present invention relates to an air-conditioning apparatus.
[Background Art]

[0002]

A typical air-conditioning apparatus sets an operating frequency of a
compressor at a high value at start-up in which the difference between an indoor
inlet temperature and a set temperature is large, and sets the operating
frequency of the compressor at a low value when the difference between the
indoor inlet temperature and the set temperature is low (see, for example, Patent
Literature 1).

[Citation List]
[Patent Literature]

[0003]

[Patent Literature 1] Japanese Unexamined Patent Application Publication
No. 63-282443 (Figs. 2 and 3)

[Summary of Invention]
[Technical Problem]

[0004]

However, when the compressor operating frequency is reduced, the
discharge temperature of the compressor does not increase, and a refrigerant in
a liquid phase is sucked in, that is like, a so-called liquid back phenomenon
occurs in operation, and the compressor might be broken at worst. In the case of
using non-compatible oil in a heating operation at a low outdoor-air temperature,

for example, the reduction in the compressor operating frequency increases the
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viscosity of refrigerating machine oil in an evaporator so that the refrigerating
machine oil easily accumulates, resulting in the possibility of deterioration of oil
return. That is, in some operating conditions (e.g., outdoor-air temperature and
operating conditions (including properties of lubricating oil in use)), a decrease in
the compressor operating frequency might cause a decrease in the reliability of
an air-conditioning apparatus disadvantageously.

[0005]

The decrease in the compressor operating frequency leads to a discomfort
due to humidity caused by a decrease in dehumidification amount even with a
reduced room temperature in a cooling operation. The decrease in the
compressor operating frequency also leads to a draught feeling due to a reduced
outlet temperature in a heating operation.

[0006]

To avoid these situations, measures have been taken by performing
correction (hereinafter referred to as up correction) that increases the lowest
operating frequency in an operating frequency range of a compressor in
accordance with operating conditions. In the measures, however, the operating
frequency of the compressor cannot be reduced below the lowest operating
frequency after the correction. Thus, in a case where the air conditioning
capacity needs to be reduced in accordance with a decrease in air conditioning
load, the air conditioning capacity cannot be reduced sufficiently. Thus, to reduce
the air conditioning capacity, the operating frequency of the compressor is not
reduced, and instead, thermo-off (compressor stop) and thermo-on (compressor
operation) are repeated, that is, an intermittent operation is performed. Such an
intermittent operation disadvantageously reduces the efficiency of equipment,
and causes the indoor inlet temperature to vary significantly, which deteriorates

the degree of comfort.
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[0007]

It is therefore an object of the present invention to provide an air-
conditioning apparatus that can minimize an intermittent operation of a
compressor so as to reduce a decrease in efficiency of the air-conditioning
apparatus caused by the intermittent operation and to reduce variation of an
indoor inlet temperature caused by the intermittent operation.

[Solution to Problem]

[0008]

An air-conditioning apparatus according to the present invention includes:
an outdoor unit including a compressor; an indoor unit; inlet temperature
detection means that detects an indoor inlet temperature; and a controller that
performs control of reducing an operating frequency of the compressor as a
difference between the indoor inlet temperature and a set temperature
decreases, wherein the controller determines whether thermo-off postponement
control is allowed or not on the basis of a current operating frequency of the
compressor in a case where the indoor inlet temperature is less than or equal to
a thermo-off set temperature in a cooling mode or the indoor inlet temperature is
greater than or equal to the thermo-off set temperature in a heating mode so that
a thermo-off condition is satisfied, if the controller determines that the thermo-off
postponement control is allowed, the controller performs thermo-off
postponement control in which a lowest operating frequency in an operating
frequency range of the compressor is temporarily reduced within a range greater
than or equal to a minimum operating frequency of the controller and operation is
continued, and if the controller determines that the thermo-off postponement
control is not allowed, the controller performs thermo-off in which the compressor
is stopped.

[Advantageous Effects of Invention]
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[0009]

According to the present invention, an intermittent operation of a
compressor can be minimized. Thus, a decrease in efficiency of an air-
conditioning apparatus caused by the intermittent operation and a variation of an
indoor inlet temperature caused by the intermittent operation can be reduced.
[Brief Description of Drawings]

[0010]

[Fig. 1] Fig. 1 schematically illustrates a refrigerant circuit of an air-conditioning
apparatus according to Embodiment 1 of the present invention.

[Fig. 2] Fig. 2 is a flowchart showing a flow of control in the air-conditioning
apparatus of Embodiment 1.

[Fig. 3A] Fig. 3A shows changes in compressor operating frequency and indoor
inlet temperature in the cooling operation when the control of the flowchart of Fig.
2 is performed.

[Fig. 3B] Fig. 3B shows changes in compressor operating frequency and indoor
inlet temperature in the heating operation when the control of the flowchart of Fig.
2 is performed.

[Description of Embodiments]

[0011]

Embodiment 1

Fig. 1 schematically illustrates a refrigerant circuit of an air-conditioning
apparatus according to Embodiment 1 of the present invention.

The air-conditioning apparatus includes an outdoor unit 7 and an indoor
unit 11. The outdoor unit 7 includes, for example, a compressor 1, a heat
exchanger 2, a fan 3, outdoor-air temperature detection means 4 constituted by,
for example, a thermistor, a four-way valve 5, a controller 6a, and an expansion

part 13. The indoor unit 11 includes, for example, a heat exchanger 8, a fan 9,
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inlet temperature detection means 10 constituted by, for example, a thermistor,
and a controller 6b.

[0012]

The compressor 1, the four-way valve 5, the heat exchanger 2, the
expansion part 13, and the heat exchanger 8 are sequentially connected by
pipes, thereby constituting a refrigerant circuit.

[0013]

The air-conditioning apparatus further includes a remote controller 12
serving as an interface that allows a user to determine a set temperature.

[0014]

In Fig. 1, the expansion part 13 is provided in the outdoor unit 7.
Alternatively, the expansion part 13 may be provided in the indoor unit 11 or may
be provided in each of the outdoor unit 7 and the indoor unit 11.

[0015]

Fig. 1 illustrates an example combination in which one indoor unit 11 and
one outdoor unit 7 are provided as a pair. The air-conditioning apparatus of the
present invention is not limited to this example. Specifically, a plurality of indoor
units 11 may be connected to one outdoor unit such that the indoor units 11
operate at the same time, or alternatively, each of the indoor units 11 operates
individually.

[0016]

In addition, in Embodiment 1, examples of refrigerant that circulates in the
refrigerant circuit include HCFC refrigerant such as R22, HFC refrigerant such as
R407C, R410A, and R32, and natural refrigerant such as CO2 and ammonia.

[0017]

The controller 6b in the indoor unit 11 is constituted by, for example, a

microcomputer, obtains information on an inlet temperature detected by the inlet
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temperature detection means 10 and operation instruction information instructed
from a user through a remote controller 12, and transmits the information to the
controller 6a in the outdoor unit 7.

[0018]

The controller 6a in the outdoor unit 7 is constituted by, for example, a
microcomputer and controls the components based on information on an
outdoor-air temperature detected by the outdoor-air temperature detection means
4 and information transmitted from the controller 6a in the indoor unit 11. The
controller 6a performs normal operation (in a cooling mode and a heating mode)
by switching the four-way valve 5. The controller 6a performs up correction
control that increases a lowest operating frequency of the compressor 1 in
accordance with operating conditions in order to obtain at least one of reliability
or comfort of the air-conditioning apparatus. In the present invention, an
algorithm itself of the up correction control is not specifically limited, and any
algorithm may be employed as long as the up correction control is performed in
order to obtain reliability of the air-conditioning apparatus and/or comfort.

[0019]

The controller 6a in the outdoor unit 7 and the controller 6b in the indoor
unit 11 control the entire air-conditioning apparatus in combination. In the
configuration of Embodiment 1, the controllers are provided in both of the outdoor
unit 7 and the indoor unit 11. Alternatively, a controller having the functions of the
controller 6a and the controller 6b may be provided in the outdoor unit 7 or the
indoor unit 11. In the following description, the controllers 6a and 6b will be
collectively referred to as a controller 6 when referring to the entire control of the
controllers 6a and 6b.

[0020]
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Control of the controller 6 will now be described. First, a control method at
the time of thermo-off will be described.

The controller 6 of the air-conditioning apparatus of Embodiment 1
monitors a difference between an indoor inlet temperature Tin and a set
temperature Tset of the indoor unit 11 in a normal operation. As control of the
controller 6, the controller 6 increases the compressor operating frequency as the
difference increases, and reduces the compressor operating frequency as the
difference decreases.

[0021]

In the cooling mode, when the indoor inlet temperature Tin detected by the
inlet temperature detection means 10 reaches a temperature less than or equal
to a thermo-off set temperature, the controller 6 determines that the indoor inlet
temperature reaches a target temperature and a thermo-off condition is satisfied,
and determines that thermo-off is allowed. In a heating mode, when the indoor
inlet temperature Tin detected by the inlet temperature detection means 10
increases to a temperature greater than or equal to the thermo-off set
temperature, the controller 6 determines that the indoor inlet temperature Tin
reaches the target temperature and the thermo-off condition is satisfied, and
determines that thermo-off is allowed.

[0022]

A feature of the present invention resides in control performed when the
controller 6 has determined that thermo-off is allowed as described below.
Specifically, when the controller 6 has determined that thermo-off is allowed,
unlike in a typical apparatus, thermo-off (i.e., compressor stop) is not necessarily
performed immediately, and thermo-off postponement control in which the
operating frequency of the compressor 1 is temporarily reduced so that the

operation is carried on.
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[0023]

In the case where it has been determined that thermo-off is allowed,
switching between the control of immediately performing thermo-off and the
thermo-off postponement control depends on the current operating state.
Specifically, in a case where a current (at the time of determining that thermo-off
is allowed) compressor operating frequency Fjis higher than a minimum
operating frequency Fmin in application of the compressor 1 in use or equal to a
lowest operating frequency F1 subjected to up correction in order to obtain
reliability or comfort of the air-conditioning apparatus, the thermo-off
postponement control is performed. Otherwise, thermo-off is performed
immediately.

[0024]

Here, a condition for performing the thermo-off postponement control is a
condition in which the compressor operating frequency F; at the time when it is
determined that thermo-off is allowed is higher than the minimum operating
frequency Fmin in application of the compressor 1 in use. Alternatively, in order to
reduce an abrupt change in the operating frequency of the compressor 1, a
condition for performing the thermo-off postponement control may be condition
(a) or (b) as follows:

[0025]
(a) a condition in which the current compressor operating frequency F;j is higher
than the minimum operating frequency Fmin and is less than or equal to a
predetermined threshold frequency F,; and
(b) a condition in which condition (a) continues for a predetermined time.

[0026]

The compressor operating frequency in the thermo-off postponement

control is, for example, the minimum operating frequency Fmin in application of
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the compressor 1 in use. That is, in the thermo-off postponement control, the
compressor operating frequency is reduced to the minimum operating frequency
Fmin and operation of the compressor 1 is continued. The compressor operating
frequency of the thermo-off postponement control only needs to be lower than
the current operating frequency of the compressor, and does not need to be
equal to the minimum operating frequency Fmin.

[0027]

On the other hand, in a case where the compressor operating frequency F;
at the time when it is determined that thermo-off is allowed is equal to the
minimum operating frequency Fmin, thermo-off is performed immediately, which is
the same as in a typical apparatus. That is, a situation in which the current
operating frequency of the compressor is equal to the minimum operating
frequency Fmin means that the current operation capacity is large for an air
conditioning load even with the compressor operating frequency reduced to the
minimum. Thus, in a case where the compressor operating frequency Fj at the
time it is determined that thermo-off is allowed is equal to the minimum operating
frequency Fmin, thermo-off is performed immediately. In the case of performing
thermo-off in the manner described above, in order to reduce a load on the
compressor 1 in restarting the compressor 1, a minimum compressor stoppage
period toif for equalizing the high and low pressures, which will be described later,
may be provided.

[0028]

The air-conditioning apparatus controls the compressor operating
frequency in accordance with the difference between the indoor inlet temperature
Tin and the set temperature Tset in order to maintain comfort, and performs up

correction in order to maintain reliability and comfort as described above. Thus,
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the compressor operating frequency in operation is adjusted to a frequency
necessary to maintain reliability and comfort.

[0029]

The thermo-off postponement control is performed at a compressor
operating frequency that is lower than a compressor operation frequency
originally required as described above. Thus, when the thermo-off postponement
control continues longer than needed, it will be difficult to maintain the reliability
and comfort of the air-conditioning apparatus. To prevent this, in Embodiment 1,
a limitation (a thermo-off postponement duration time tk, which will be described
later) is imposed on a period in which the thermo-off postponement control is
performed. That is, for the thermo-off postponement control, only a short period
that does not impair the reliability and comfort of the air-conditioning apparatus is
permitted.

[0030]

The foregoing description clarifies the concept of control of Embodiment 1.
A specific flow of the control will now be described with reference to a flowchart.

[0031]

Fig. 2 is a flowchart showing a flow of control in the air-conditioning
apparatus of Embodiment 1. A flow in the cooling mode will now be described.

First, when the remote controller 12 of the indoor unit 11 is turned on by a
user, driving of the compressor 1 starts. By driving the compressor 1, a normal
operation (a cooling operation in this example) performed by the air-conditioning
apparatus starts. In this example, a temperature obtained by adding a cooling
thermo-off threshold value Toii_c (a negative value) to the set temperature Tset is
set as a thermo-off set temperature, and a temperature obtained by adding a
cooling thermo-on threshold value Ton_c to the set temperature Tset is set as a

thermo-on set temperature.

10
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[0032]

As described above, the controller 6 monitors the difference between the
indoor inlet temperature Tin of the indoor unit 11 and the set temperature Tset in
the normal operation. In the cooling mode, as control of the controller 6, the
controller 6 increases the operating frequency of the compressor 1 as the
difference increases, and reduces the operating frequency of the compressor 1
as the difference decreases.

[0033]

The controller 6 also monitors whether or not the difference between the
indoor inlet temperature Tin and the set temperature Tset is less than or equal to
the cooling thermo-off threshold value Torr ¢ (S1). If the difference is larger than
the cooling thermo-off threshold value Toi_c, that is, a thermo-off condition is not
satisfied, normal operation is continued. On the other hand, if the difference
between the indoor inlet temperature Tin and the set temperature Tset is less than
or equal to the cooling thermo-off threshold value Tor_c, that is, the thermo-off
condition is satisfied, the process proceeds to step S2 in which it is determined
whether thermo-off postponement control is allowed or not. In step S2, it is
determined whether the current compressor operating frequency F; is higher than
the minimum operating frequency Fmin Or the current compressor operating
frequency Fjis equal to the lowest operating frequency (= Fmin + Fo) subjected to
up correction (i.e., subjected to addition of the current lowest operating frequency
correction frequency F.) (S2).

[0034]

If the controller 6 determines that none of the above conditions is not
satisfied, that is, Fj = Fmin, at step S2, the controller 6 determines that thermo-off
postponement control is not allowed, and immediately performs thermo-off (S6).

Specifically, a compressor operating frequency Fj.1 of the compressor 1 is set at

11
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0 (zero) so as to stop operation. On the other hand, if the controller 6 determines
that one of the above conditions is satisfied, the controller 6 determines that
thermo-off postponement control is allowed, and the thermo-off postponement
control is performed (S3). Specifically, the compressor operating frequency is
reduced to the compressor operating frequency Fj.1 obtained by adding a new
lowest operating frequency correction value (a negative value) Fp to the current
compressor operating frequency Fj, and operation of the compressor 1 continues.
The compressor operating frequency Fj.1 is greater than or equal to the minimum
operating frequency Fmin.

[0035]

By reducing the compressor operating frequency Fjto Fj.1, the air
conditioning capacity decreases, and thus, the room temperature increases.
Consequently, when the difference between the indoor inlet temperature Tin and
the set temperature Tset increases to the cooling thermo-on threshold value Ton ¢
or more, in other words, when the indoor inlet temperature Tin increases to the
thermo-on set temperature or more so that a thermo-on condition is satisfied
(S4), the process returns to normal operation. In the normal operation of this
example, operation is restarted in consideration of up correction of the lowest
operating frequency of the compressor 1.

[0036]

On the other hand, if the difference between the indoor inlet temperature
Tin and the set temperature Tset is smaller than the cooling thermo-on threshold
value Ton_c and a thermo-on condition is not satisfied in step S4, the controller 6
checks the time elapsed from entering the thermo-off postponement control (S5).
If the elapsed time is shorter than a predetermined thermo-off postponement
duration time 1k, the controller 6 returns to step S3, and processes of step S4

and step S5 are repeated with the thermo-off postponement control being

12
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continued (i.e., with the operating frequency kept at Fj.1). If the thermo-off
postponement duration time tk is elapsed without the thermo-on condition being
satisfied, the thermo-off postponement control is canceled and thermo-off is
performed (S6).

[0037]

After the thermo-off, if the time elapsed from the stop of operation of the
compressor 1 is shorter than the predetermined minimum compressor stoppage
period 7ot (S7), the controller 6 returns to step S6 and continues thermo-off. On
the other hand, if the minimum compressor stoppage period tort elapses after
thermo-off, the controller 6 determines whether the thermo-on condition is
satisfied or not in a manner similar to that in step S4 (S8). If the controller 6
determines that the thermo-on condition is not satisfied, the controller 6 returns to
step S6, whereas if the controller 6 determines that the thermo-on condition is
satisfied, the controller 6 performs thermo-on (restart).

[0038]

The foregoing description focuses on the cooling mode. Control in the
heating mode is similar to that in the cooling mode except for the thermo-off
condition in step S1 and the thermo-on condition in steps S4 and S8. In step S1
in the heating mode, if the difference between the set temperature Tset and the
indoor inlet temperature Tin becomes less than or equal to a heating thermo-off
threshold value Torr_H (a negative value), the thermo-off condition is satisfied and
it is determined that thermo-off is allowed. In steps S4 and S8 in the heating
mode, if the difference between the set temperature Tset and the indoor inlet
temperature Tin becomes greater than or equal to a heating thermo-on threshold
value Ton_n, the thermo-on condition is satisfied and it is determined that thermo-
on is allowed.

[0039]

13
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In the flowchart of Fig. 2, the thermo-off set temperature is a temperature
obtained by adding the cooling thermo-off threshold value Tot_c to the set
temperature Tset. However, the thermo-off set temperature is not limited to this
temperature, and may be a temperature obtained by subtracting the cooling
thermo-off threshold value Toft_c from the set temperature Tset. Similarly, in the
heating mode, in the flowchart of Fig. 2, the thermo-off set temperature is a
temperature obtained by adding the heating thermo-off threshold value Tox H to
the set temperature Tset. However, the thermo-off set temperature is not limited
to this temperature, and may be a temperature obtained by subtracting the
heating thermo-off threshold value Torr_H from the set temperature Tset.

[0040]

Similarly, regarding the thermo-on condition, in the flowchart of Fig. 2, the
thermo-on set temperature is a temperature obtained by adding the cooling
thermo-on threshold value Ton_c to the set temperature Tset. However, the
thermo-on set temperature is not limited to this temperature, and may be a
temperature obtained by subtracting the cooling thermo-on threshold value Ton_c
from the set temperature Tset. Similarly, in the heating mode, in the flowchart of
Fig. 2, the thermo-on set temperature is a temperature obtained by adding the
heating thermo-on threshold value Ton_H to the set temperature Tset. Alternatively,
the thermo-on set temperature may be a temperature obtained by subtracting the
heating thermo-on threshold value Ton_n from the set temperature Tset.

[0041]

Fig. 3A shows changes in compressor operating frequency and indoor inlet
temperature in the cooling operation when the control of the flowchart of Fig. 2 is
performed. Fig. 3B shows changes in compressor operating frequency and
indoor inlet temperature in the heating operation when the control of the flowchart

of Fig. 2 is performed. In Figs. 3A and 3B, the abscissa represents time t, and

14
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the ordinate represents temperature T or compressor operating frequency F. As
described above, Figs. 3A and 3B shows an example in which thermo-off
postponement control is performed when condition (b) is satisfied in order to
reduce an abrupt change in compressor operating frequency as described
above.

[0042]

As illustrated in Fig. 3A, once operation of the compressor 1 has been
started, the indoor inlet temperature Tin gradually decreases, and the difference
between the indoor inlet temperature Tin and the set temperature Tset decreases.
Accordingly, the compressor operating frequency Fj also gradually decreases. At
time 11, the compressor operating frequency Fj decreases to the lowest operating
frequency after up correction. Then, at time 12, the difference between the
indoor inlet temperature Tin and the set temperature Tset becomes less than or
equal to the cooling thermo-off threshold value Tor ¢ (represented as |Tot_c| in
Fig. 3A), and the thermo-off condition is satisfied (i.e., YES at S1). In addition,
the current compressor operating frequency Fj is less than or equal to the
threshold frequency F, and higher than the minimum operating frequency Fmin
(i.e., YES at S2). Thus, it is determined that thermo-off postponement control is
allowed, and thermo-off postponement control starts at time 2 (S3). That is, the
compressor operating frequency F;j is reduced to Fmin, and operation is continued.

[0043]

Once the thermo-off postponement control has been performed, the indoor
inlet temperature Tin starts increasing. When the thermo-on condition is satisfied
(i.e., YES at S4) at time 13, the thermo-off postponement control is switched to
normal operation. That is, the compressor operating frequency F; is returned to
an operating frequency before the thermo-on postponement control. The thermo-

off condition is satisfied again at time t4, and it is determined that the thermo-off

15
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postponement control is allowed (i.e., YES at S2) so that thermo-off
postponement control is performed (S3).

[0044]

Operations from time 12 to time 14 are repeated in the period from time 4
to time t6. During the operations (i.e., time t1 to time t6), the indoor inlet
temperature Tin fluctuates around the set temperature Tset. In typical control,
thermo-off is performed immediately after the thermo-off condition has been
satisfied. To prevent this, in a period of "thermo-off postponement” in Fig. 3A, the
compressor 1 stops and an intermittent operation is performed. On the other
hand, in the control of the present invention, the compressor 1 does not stop until
time 17, and continuous operation is performed. That is, in the control of the
present invention, continuous operation can be performed as long as possible,
and the likelihood of intermittent operation of the compressor 1 can be
minimized.

[0045]

At time 16, thermo-off postponement control is performed again. Then,
when the thermo-off postponement duration time tk has elapsed (i.e., YES at
S5), thermo-off is performed at time 17 (S6). By performing thermo-off, the
indoor inlet temperature Tin increases above the set temperature. At time 17,
thermo-off is started, and the minimum compressor stoppage period ot has
elapsed (i.e., YES at S7), and the thermo-on condition is satisfied (i.e., YES at
S8). Then, the compressor 1 is subjected to thermo-on (i.e., is restarted).

[0046]

The foregoing description focuses on the cooling mode. A changein
compressor operating frequency in the heating mode is similar to that in the
cooling mode except the change in indoor inlet temperature Tin is opposite to that

in the cooling mode as illustrated in Fig. 3B.

16
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[0047]

As described above, in Embodiment 1, when the thermo-off condition is
satisfied, it is determined whether thermo-off postponement control is allowed or
not on the basis of the current compressor operating frequency Fj. If itis
determined that thermo-off postponement control is allowed, thermo-off
postponement control in which the lowest operating frequency in the operating
frequency range of the compressor 1 is temporarily reduced within a range
greater than or equal to the minimum operating frequency of the compressor 1 in
use is performed. Thus, a continuous operation can be performed as long as
possible, and the likelihood of an intermittent operation of the compressor 1 can
be minimized. Thus, a decrease in efficiency of the air-conditioning apparatus
and a variation of the indoor inlet temperature caused by an intermittent
operation can be reduced.

[0048]

In a case where the current compressor operating frequency Fjis higher
than the minimum operating frequency of the compressor 1 in use or equal to the
lowest operating frequency after up correction, it is determined that thermo-off
postponement control is allowed. Thus, even in a case where the lowest
operating frequency is increased in order to obtain reliability and maintain comfort
of the air-conditioning apparatus and, thereby, even if the air conditioning
capacity cannot be reduced sufficiently, the air conditioning capacity can be
temporarily reduced so that operation continues. As a result, the likelihood of an
intermittent operation of the compressor 1 can be minimized.

[0049]

In addition, the thermo-off postponement duration time tk is provided so as
to impose a limitation on a period in which thermo-off postponement control is

performed. Thus, maintenance of reliability of the air-conditioning apparatus and

17
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maintenance of comfort, which are original objects of the invention, are not
impaired. Thus, the air-conditioning apparatus can be stably operated with a
higher degree of safety.
[Reference Signs List]

[0050]
1: compressor, 2: heat exchanger, 3: fan, 4: outdoor-air temperature detection
means, 5: four-way valve, 6: controller, 6a: controller, 6b: controller, 7: outdoor
unit, 8: heat exchanger, 9: fan, 10: inlet temperature detection means, 11:

indoor unit, 12: remote controller, 13: expansion part.

18
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[Name of Document] CLAIMS
[Claim 1]

An air-conditioning apparatus comprising:

an outdoor unit including a compressor;

an indoor unit;

inlet temperature detection means that detects an indoor inlet temperature;
and

a controller that performs control of reducing an operating frequency of the
compressor as a difference between the indoor inlet temperature and a set
temperature decreases, wherein

the controller determines whether thermo-off postponement control is
allowed or not on the basis of a current operating frequency of the compressor in
a case where the indoor inlet temperature is less than or equal to a thermo-off set
temperature in a cooling mode or the indoor inlet temperature is greater than or
equal to the thermo-off set temperature in a heating mode so that a thermo-off
condition is satisfied,

if the controller determines that the thermo-off postponement control is
allowed, the controller performs thermo-off postponement control in which a
lowest operating frequency in an operating frequency range of the compressor is
temporarily reduced within a range greater than or equal to a minimum operating
frequency of the compressor in use and an operation is continued, and

if the controller determines that the thermo-off postponement control is not
allowed, the controller performs thermo-off in which the compressor is stopped.
[Claim 2]

The air-conditioning apparatus of claim 1, wherein

19
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the controller performs control in which up correction is performed such
that the lowest operating frequency in the operating frequency range of the
compressor is increased in accordance with operating conditions, and

in a case where a current compressor operating frequency is higher than
the minimum operating frequency of the compressor in use or equal to a lowest
operating frequency after the up correction, the controller determines that the
thermo-off postponement control is allowed.
[Claim 3]

The air-conditioning apparatus of claim 2, wherein

the up correction is performed in order to obtain at least one of reliability
and a degree of comfort of the air-conditioning apparatus.
[Claim 4]

The air-conditioning apparatus of any one of claims 1 to 3, wherein

the controller performs thermo-on in which the compressor is driven in a
case where the indoor inlet temperature is greater than or equal to a thermo-on
set temperature in the cooling mode or the indoor inlet temperature is less than
or equal to the thermo-on set temperature in the heating mode so that a thermo-
on condition is satisfied, and

in a case where the thermo-on condition is satisfied by performing the
thermo-off postponement control, the controller sets the lowest operating
frequency in the operating frequency range of the compressor return to an
operating frequency before the thermo-off postponement control and carries on
the operation.
[Claim 5]

The air-conditioning apparatus of any one of claims 1 to 4, wherein

the controller performs thermo-on in which the compressor is driven in a

case where the indoor inlet temperature is greater than or equal to a thermo-on

20
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set temperature in the cooling mode or the indoor inlet temperature is less than
or equal to the thermo-on set temperature in the heating mode so that a thermo-
on condition is satisfied, and

when a predetermined thermo-off postponement duration time has been
elapsed without the thermo-on condition being satisfied from the start of the
thermo-off postponement control, the controller controls the thermo-off

postponement control, and performs the thermo-off.
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FI1G. 2
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FI1G. 3A
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