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CONTROL DEVICE, AIR CONDITIONER, CONTROL METHOD, AND PROGRAM

The present invention provides a control device

that performs a defrosting operation of an air conditioner
and has a function of preventing unintended non-execu-
tion. The control device performs a defrosting operation
after a prohibition period of the defrosting operation ends

FIG. 1

120

on the basis of an establishment state of a start condition
of the defrosting operation during the prohibition period
regardless of whether the start condition is established
at the end time point of the prohibition period.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a control de-
vice, an air conditioner, a control method, and a program.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2018-61733, filed March 28, 2018, the content
of which is incorporated herein by reference.

Description of Related Art

[0003] When a heating operation of an air conditioner
is performed in an environment in which outdoor air tem-
perature is low, an outdoor unit may be frosted. In order
to prevent the reduction of heating capacity due to frost-
ing, a defrosting operation is performed to remove the
frost of the outdoor unit. In general, conditions of an
elapsed time from the end of a previous defrosting oper-
ation or outdoor air temperature and the temperature of
an outdoor unit heat exchanger are set, and when the
conditions are established, a defrosting operation is start-
ed in many cases.

[0004] In contrast, Patent Document 1 discloses a
technology for deciding the start of a de-icing operation
(a defrosting operation) with two conditional expressions
including a linear equation employing the temperature of
an outdoor unit heat exchanger and outdoor air temper-
ature as variables. In the technology disclosed in Patent
Document 1, values of parameters of the two conditional
expressions are adjusted on the basis of an operation
time of a previous de-icing operation. In this way, it is
possible to start the de-icing operation at an appropriate
timing according to a frosted state of the outdoor unit
heat exchanger.

[Patent Documents]

[0005] [Patent Document 1] Japanese Unexamined
Patent Application, First Publication No. 2008-14593

SUMMARY OF THE INVENTION

[0006] However, even though a start condition of the
defrosting operation is established during a prohibition
period of the defrosting operation, the start condition may
not be established at the end of the prohibition period
due to a sudden decrease and the like in the outdoor air
temperature due to a change and the like in weather. In
such a case, the defrosting operation may not be per-
formed or the start of the defrosting operation may be
delayed. Therefore, since the outdoor unit heat exchang-
er is frosted, there is a possibility that the performance
of a heating operation is reduced or it is not possible to
remove frost in a next defrosting operation.

[0007] Therefore, an object of the present invention is
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to provide a control device, an air conditioner, a control
method, and a program, by which it is possible to solve
the above problems.

[Solution to Problem]

[0008] According to an aspect of the presentinvention,
the control device includes an operation executing unit
that performs a defrosting operation after a prohibition
period of the defrosting operation ends on the basis of
an establishment state of a start condition of the defrost-
ing operation during the prohibition period regardless of
whether the start condition is established at an end time
point of the prohibition period.

[0009] According to an aspect of the presentinvention,
when a total time, for which the start condition is estab-
lished during the prohibition period, is equal to or more
than a predetermined threshold value, the operation ex-
ecuting unit is configured to start the defrosting operation
even though the start condition is not established at the
end time point of the prohibition period.

[0010] According to an aspect of the presentinvention,
when the start condition is established with a predeter-
mined time before the prohibition period ends, the oper-
ation executing unit is configured to start the defrosting
operation even though the start condition is not estab-
lished at the end time point of the prohibition period.
[0011] According to an aspect of the presentinvention,
the control device further includes a parameter setting
unit that is configured to set a parameter related to an
operational maintenance of the defrosting operation on
the basis of a trend of operation times of defrosting op-
erations performed in the past.

[0012] According to an aspect of the presentinvention,
when the operation times become shorter than an oper-
ation time of an immediately previous defrosting opera-
tion more than a predetermined number of consecutive
times, the parameter setting unitis configured toincrease
the length of the prohibition period.

[0013] According to an aspect of the presentinvention,
when the operation times become longer than an oper-
ation time of an immediately previous defrosting opera-
tion more than a predetermined number of consecutive
times, the parameter setting unit is configured to de-
crease the length of the prohibition period.

[0014] According to an aspect of the presentinvention,
when the operation times reach a predetermined upper
limit value, which has been set for the defrosting opera-
tion, more than a predetermined number of consecutive
times, the parameter setting unitis configured toincrease
the upper limit value.

[0015] According to an aspect of the presentinvention,
an air conditioner includes the control device according
to any one of the above.

[0016] According to an aspect of the presentinvention,
a control method includes a step of calculating an estab-
lishmentstate of a start condition of a defrosting operation
during a prohibition period of the defrosting operation,
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and a step of determining whether to perform the defrost-
ing operation after the prohibition period ends on the ba-
sis of the establishment state regardless of whether the
start condition is established at an end time point of the
prohibition period.

[0017] Accordingtoan aspect of the presentinvention,
a program causes a computer to serve as a means that
is configured to calculate an establishment state of a start
condition of a defrosting operation during a prohibition
period of the defrosting operation, and a means that is
configured to determine whether to perform the defrost-
ing operation after the prohibition period ends on the ba-
sis of the establishment state regardless of whether the
start condition is established at an end time point of the
prohibition period.

[0018] According to the aforementioned control de-
vice, air conditioner, control method, and program, it is
possible to prevent non-execution of a defrosting oper-
ation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 is an overall view showing an example of an
air conditioner in an embodiment of the present in-
vention.

FIG. 2 is a diagram showing a start condition of a
defrosting operation in an embodiment of the present
invention.

FIG. 3 is a functional block diagram showing an ex-
ample of a control device of an air conditioner in an
embodiment of the present invention.

FIG. 4 is a diagram showing a control method of a
defrosting operation in an embodiment of the present
invention.

FIG. 5 is a diagram showing an adjustment method
of parameters related to operational maintenance of
a defrosting operation in an embodiment of the
present invention.

FIG. 6is a flowchart showing an example of a control
method in an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
<Embodiment>

[0020] Hereinafter, defrost control in an air conditioner
according to an embodiment of the present invention will
be described with reference to FIG. 1 to FIG. 6.

[0021] FIG. 1 is an overall view showing an example
of an air conditioner in an embodiment of the present
invention.

[0022] An air conditioner 1 according to a first embod-
imentincludes a refrigerant circuit 10. The refrigerant cir-
cuit 10 includes a compressor 2, an indoor heat exchang-
er 3, an expansion valve 4, an outdoor heat exchanger
5, a two way valve 6, and a four way valve 7. The com-
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pressor 2, the indoor heat exchanger 3, the expansion
valve 4, the outdoor heat exchanger 5, the two way valve
6, and the four way valve 7 are connected to a refrigerant
pipe 20 capable of circulating a refrigerant.

[0023] The refrigerant circuit 10 includes a main circuit
100 used in a heating operation, a positive cycle defrost-
ing operation, and a reverse cycle defrosting operation,
and a bypass pipe 200 used only in the positive cycle
defrosting operation.

[0024] The main circuit 100 includes a heat exchanger-
side main circuit 110 connected to a first terminal 7A and
a second terminal 7B of terminals of the four way valve
7, and a compressor-side main circuit 120 connected to
a third terminal 7C and a fourth terminal 7D of the termi-
nals of the four way valve 7 when starting from the four
way valve 7. In other words, the heat exchanger-side
main circuit 110 and the compressor-side main circuit
120 are connected to each other via the four way valve 7.
[0025] Theheatexchanger-side maincircuit110is pro-
vided with the indoor heat exchanger 3, the expansion
valve 4, the outdoor heat exchanger 5. The compressor-
side main circuit 120 is provided with the compressor 2.
[0026] Inthefourway valve 7, four pipelines connected
to the terminals can be connected by two pairs or these
pairs can be switched. Specifically, the four way valve 7
can connect a pair of the first terminal 7A and the fourth
terminal 7D and a pair of the second terminal 7B and the
third terminal 7C. Furthermore, the four way valve 7 can
connect a pair ofthe firstterminal 7A and the third terminal
7C and a pair of the second terminal 7B and the fourth
terminal 7D.

[0027] In this way, it is possible to switch a connection
relation between the heat exchanger-side main circuit
110 and the compressor-side main circuit 120. When the
second terminal 7B and the third terminal 7C of the four
way valve 7 are connected to each other, a high temper-
ature and high pressure refrigerant discharged from the
compressor 2 flows through a path (a cooling path) from
the second terminal 7B to the outdoor heat exchanger 5.
When the first terminal 7A and the third terminal 7C of
the four way valve 7 are connected to each other, the
high temperature and high pressure refrigerant dis-
charged from the compressor 2 flows through a path (a
heating path) from the first terminal 7A to the indoor heat
exchanger 3.

[0028] The refrigerant circuit 10 of the air conditioner
1 is provided with the bypass pipe 200 as described
above. The bypass pipe 200 is a refrigerant pipe that
connects between the compressor 2 and the four way
valve 7 (between a bypass start point 20A and a bypass
end point 20B provided between the expansion valve 4
and the outdoor heat exchanger 5 of the heat exchanger-
side main circuit 110) at a discharge side of the compres-
sor 2 ofthe compressor-side main circuit 120. The bypass
pipe 200 is provided with the two way valve 6, so that it
is possible to open and close the bypass pipe 200. In the
normal heating operation, the cooling operation, and the
reverse cycle defrosting operation, the two way valve 6
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is closed.

[0029] Circulation of arefrigerantinaheating operation
will be described. In the heating operation, the four way
valve 7 is in the connection relation of the heating path.
The refrigerant is compressed by the compressor 2 to
reach high temperature and high pressure, enters the
third terminal 7C of the four way valve 7, and then flows
from the first terminal 7A to the indoor heat exchanger
3.Intheindoor heat exchanger 3, the refrigerantis cooled
and condensed by heat exchange, and instead, heat is
given to indoor air outside the indoor heat exchanger 3.
The indoor air is blown by an indoor-side blower 13. The
condensed refrigerant flows into the expansion valve 4
and reaches low temperature and low pressure. The re-
frigerant exiting the expansion valve 4 flows into the out-
door heat exchanger 5, is heated by outdoor air, and is
evaporated and vaporized in the outdoor heat exchanger
5. The vaporized refrigerant returns to the compressor 2
through the second terminal 7B and the fourth terminal
7D of the four way valve 7. By continuously repeating the
above cycle, the air conditioner 1 performs the heating
operation.

[0030] During the heating operation, since the temper-
ature of the air outside the outdoor heat exchanger 5 is
deprived of heat by the refrigerant and becomes lower
as described above, the temperature of the surface of
the outdoor heat exchanger 5 is lowered to a subzero
temperature range, and therefore frost may occur and
may form layers. Therefore, heat conduction of the heat
exchanger may be disturbed and thus heat exchange
efficiency may be reduced.

[0031] In order to remove the frost, two types of de-
frosting operations are known. That is, there are a posi-
tive cycle defrosting operation (a bypass cycle defrosting
operation, hereinafter, referred to as DfP) and a reverse
cycle defrosting operation (hereinafter, referred to as
DfR).

[0032] The DfP indicates a defrosting operation for de-
frosting the outdoor heat exchanger 5 by circulating the
refrigerant via the bypass pipe 200 that sends some of
refrigerant gas discharged from the compressor 2 to the
outdoor heat exchanger 5 during the heating operation.
By opening the two way valve 6, the DfP is performed.
[0033] The circulation of the refrigerant during the DfP
will be described. During the DfP, the connection relation
of the heating path is maintained in the four way valve 7,
so that the refrigerant circulation during the aforemen-
tioned heating operation is maintained. In addition, the
two way valve 6 is opened and the refrigerant also flows
through the bypass pipe 200, so that some of the high
temperature and high pressure refrigerant discharged
from the compressor 2 is sent to the outdoor heat ex-
changer 5 without passing through the indoor heat ex-
changer 3. In this way, heat is applied to the outdoor heat
exchanger 5 to perform defrosting.

[0034] In addition, in the DfP, since some of the high
temperature and high pressure refrigerantto be originally
sent to the indoor heat exchanger 3 is sent to the outdoor
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heat exchanger 5, it is possible to continue the heating
operation while performing the defrosting, but the heating
capability is reduced to about 1/3 as compared with the
normal heating operation. Furthermore, since the
amount of the refrigerant sent to the outdoor heat ex-
changer 5 is a part of the total refrigerant, the defrosting
capability becomes lower as compared with the DfR to
be described later.

[0035] On the other hand, the DfR indicates a defrost-
ing operation in which defrosting is performed by circu-
lating the refrigerant in the heat exchanger-side main cir-
cuit 1 10 in a direction opposite to that of the heating
operation. The refrigerant is circulated in the direction
opposite to that of the heating operation, so that all of the
refrigerant gas discharged from the compressor 2 is sent
to the outdoor heat exchanger 5. In this way, in the DfR,
it is possible to strongly melt frost as compared with the
DfP. However, since the DfR is performed by switching
the four way valve 7 to the connection relation of the
cooling path, substantially the same refrigerant circula-
tion as that in the cooling operation is performed except
thatairis not blownto the indoor heat exchanger 3. There-
fore, during the DfR, since the heating operation is
stopped and indoor heat deprived, the room temperature
drops.

[0036] The circulation of the refrigerant during the DfR
will be described. The refrigerant is compressed by the
compressor 2 to reach high temperature and high pres-
sure, enters the third terminal 7C of the four way valve
7, and then flows from the second terminal 7B to the
outdoor heat exchanger 5. In the outdoor heat exchanger
5, the refrigerant is cooled and condensed by heat ex-
change, and instead, heat is given to outdoor air outside
the outdoor heat exchanger 5. Therefore, the condensed
refrigerant flows into the expansion valve 4 and reaches
low temperature and low pressure. The refrigerant exiting
the expansion valve 4 flows into the indoor heat exchang-
er 3, is heated by indoor air, and is evaporated and va-
porized in the indoor heat exchanger 3. At this time, heat
is taken away from indoor air outside the indoor heat
exchanger 3. In the cooling operation, the indoor air that
has reached low temperature is blown by the indoor-side
blower 13 and is used for indoor cooling, but in the DfR,
no air is blown. The vaporized refrigerant enters the first
terminal 7A of the four way valve 7, and returns to the
compressor 2 through the fourth terminal 7D.

[0037] The aforementioned cycle is continuously re-
peated.

[0038] In the present embodiment, the air conditioner
1is further provided with an outside air temperature sen-
sor 25 and a heat exchanger temperature sensor 35, and
further includes a control device 201 for switching the
three operation modes of the aforementioned heating op-
eration, DfP and DfR. A start condition M of the defrosting
operation (DfP or DfR) will be described using FIG. 2.
[0039] FIG. 2 is a diagram showing the start condition
of the defrosting operation in an embodiment of the
present invention. A line L1 shown in FIG. 2 denotes the
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start condition M of the defrosting operation when an out-
door heat exchanger temperature ThoR is set as a ver-
tical axis and an outside air temperature ThoA is set as
a horizontal axis. This relation, for example, can be ex-
pressed by o (=outside air temperature ThoA-outdoor
heat exchanger temperature ThoR) (o is a predeter-
mined constant). The outdoor heat exchanger tempera-
ture ThoR is a temperature measured by the heat ex-
changer temperature sensor 35. The outside air temper-
ature ThoA is a temperature measured by the outside air
temperature sensor 25.

[0040] When the relation between the outdoor heat ex-
changer temperature ThoR and the outside air temper-
ature ThoA is in a region below the line L1 (outside air
temperature ThoA-outdoor heat exchanger temperature
ThoR>a.), for example, when the outside air temperature
ThoA and the outdoor heat exchanger temperature ThoR
arein arelation indicated by a point P1, the start condition
M of the defrosting operation is established.

[0041] When the relation between the outdoor heat ex-
changer temperature ThoR and the outside air temper-
ature ThoA is in a region above the line L1 (outside air
temperature ThoA-outdoor heat exchanger temperature
ThoR<a), for example, when they are in a relation indi-
cated by a point P2, the start condition M of the defrosting
operation is not established.

[0042] During the heating operation, when the relation
between the outdoor heat exchanger temperature ThoR
and the outside air temperature ThoA satisfies the start
condition M of the defrosting operation, the control device
201 stops the heating operation and starts the defrosting
operation of the DfP or the DfR. When the defrosting
operation is started and a predetermined stop condition
of the defrosting operation is established, the control de-
vice 201 stops the defrosting operation and resumes the
heating operation. The stop condition of the defrosting
operation, for example, is that the temperature difference
(ThoA-ThoR) is within a predetermined threshold value.
Furthermore, an upper limit value is set for the operation
time of the defrosting operation. When the upper limit
value passes from the start of the defrosting operation,
the control device 201 ends the defrosting operation. Fur-
thermore, as described above, since the defrosting op-
eration reduces the capability of the original heating op-
eration, when the defrosting operation is performed once,
execution is prohibited for a while (a predetermined pro-
hibition period). That is, even though the start condition
M of the defrosting operation is established during this
prohibition period, the control device 201 performs no
defrosting operation during the prohibition period.
[0043] For example, itis assumed that the relation be-
tween the outdoor heat exchanger temperature ThoR
and the outside air temperature ThoA is the relation in-
dicated by the point P1 during the prohibition period of
the defrosting operation. When the same relation is main-
tained after the prohibition period passes, the control de-
vice 201 starts the defrosting operation after the end of
the prohibition period. However, it is assumed that when
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the outside air temperature suddenly decreases before
the end of the prohibition period, the relation between
the outdoor heat exchanger temperature ThoR and the
outside air temperature ThoA is changed to a relation
indicated by a point P3 and is maintained. Then, even
though the prohibition period passes, since the start con-
dition M of the defrosting operation is not established,
the control device 201 performs no defrosting operation.
In such a case, while the start condition M of the defrost-
ing operation is established during the prohibition period,
there is a possibility that the outdoor heat exchanger 5
is frosted. However, in the related control, until the out-
door heat exchanger temperature ThoR decreases due
to the outside air temperature ThoA, for example, they
are in a relation as indicated by a point P4, since the
control device 201 performs no defrosting operation, the
heating operation is in an operation state with low effi-
ciency during that time period. In contrast, the control
device 201 of the present embodiment has a function of
starting the defrosting operation according to the estab-
lishment state of a frost formation condition during the
prohibition period after the end of the prohibition period
of the defrosting operation.

[0044] Next, the function of the control device 201 will
be described using FIG. 3.

[0045] FIG. 3 is a functional block diagram showing an
example of the control device of the air conditioner in an
embodiment of the present invention.

[0046] AsshowninFIG. 3, an outdoor unit 1A includes
the control device 201. The control device 201, for ex-
ample, is a computer including a central processing unit
(CPU) and the like. The control device 201 includes an
outside air temperature acquiring unit41, an outdoor heat
exchanger temperature acquiring unit 42, an operation
executing unit 43, a parameter setting unit 44, a storage
unit 45, and a timer 46.

[0047] The outside air temperature acquiring unit 41
acquires the outside air temperature (outside air temper-
ature ThoA) of the outdoor unit 1A through the outside
air temperature sensor 25.

[0048] The outdoor heat exchanger temperature ac-
quiring unit 42 acquires the temperature (outdoor heat
exchanger temperature ThoR) of the outdoor heat ex-
changer 5 of the outdoor unit 1A through the heat ex-
changer temperature sensor 35.

[0049] The operation executing unit 43 performs the
heating operation and the defrosting operation. The op-
eration executing unit 43 switches the heating operation
and the defrosting operation by mainly controlling the two
way valve 6 and the four way valve 7. For example, when
the start condition M of the defrosting operation is estab-
lished, the operation executing unit 43 switches the heat-
ing operation to the defrosting operation. Furthermore,
for example, when the end condition of the defrosting
operation is established, the operation executing unit 43
switches the defrosting operation to the heating opera-
tion. As described above, the operation executing unit
43 can perform the defrosting operation of the DfP or the
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DfR. The operation executing unit 43, for example, may
select the DfP or the DfR in accordance with the temper-
ature difference between the outdoor heat exchanger
temperature ThoR and the outside air temperature ThoA,
and perform the selected type of defrosting operation. In
addition, since a control method for preventing the non-
execution of the defrosting operation according to the
present embodiment can be applied without distinction
between the DfP and the DfR, the defrosting operation
will be described without particular distinction in the fol-
lowing description. On the basis of the establishment
state of the start condition M of the defrosting operation
during the prohibition period of the defrosting operation,
the operation executing unit 43 performs the defrosting
operation regardless of whether the start condition M is
established at the end time point of the prohibition period.
[0050] The parameter setting unit 44 sets parameters
related to the operational maintenance of the defrosting
operation. The parameters related to the operational
maintenance, for example, include a length of the prohi-
bition period, the upper limit value of the operation time
of the defrosting operation, and the like. On the basis of
the trend of operation times of defrosting operations per-
formed in the past, the parameter setting unit 44 appro-
priately adjusts the parameters related to the operational
maintenance of the defrosting operation.

[0051] The storage unit 45 stores various types of in-
formation of the outside air temperature ThoA, the out-
door heat exchanger temperature ThoR, the parameters
such as the length of the prohibition period and the upper
limit value of the operation time of the defrosting opera-
tion, and the like.

[0052] The timer 46 measures time.

[0053] Next, start control of the defrosting operation
based on the establishment state of the defrosting oper-
ation start condition during the prohibition period accord-
ing to the present embodiment will be described.
[0054] FIG. 4 is adiagram showing the control method
of the defrosting operation in an embodiment of the
present invention. FIG. 4 (a) shows related defrost con-
trol. The time T1 to the time T2 is the prohibition period
of the defrosting operation. It is assumed that at the time
T4 to the time T4’ of the prohibition period, the start con-
dition M is established and then the prohibition period
ends due to the non-establishment of the start condition
M. At the end of the prohibition period, the start condition
M is not established. In such a case, in the related control,
the defrosting operation is not performed immediately
after the end of the prohibition period. Thereafter, when
the start condition M is established at the time T3, the
defrosting operation is started. In the case of such control,
frost formation may occur from the time T1 to the time
T2, and in the heating operation from the time T2 to the
time T3, heating capacity may be reduced.

[0055] FIG. 4 (b)to FIG. 4 (d) show the defrost control
of the present embodiment. FIG. 4 (b) shows a control
method of the defrosting operation when the control de-
vice 201 of the present embodiment has operated the air
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conditioner 1 in the same operation state as that of FIG.
4 (a). That is, at the time T4 to the time T4’ of the prohi-
bition period, the start condition M of the defrosting op-
eration is established, and then the prohibition period
ends due to the non-establishment of the start condition
M. The operation executing unit 43 calculates the period
of time between the time T4 and the time T4’, in which
the start condition M of the defrosting operation is estab-
lished, by using the timer 46. When the calculated period
of time is equal to or more than a predetermined period
of time "h1", the operation executing unit 43 starts the
defrosting operation after the end of the prohibition period
of the defrosting operation (the time T2). In such a case,
itis irrelevant whether the start condition M is established
at the time T2.

[0056] FIG. 4 (c) shows a case where the start condi-
tion M of the defrosting operation has been established
at each of the times T5 to T5’, the times T6 to T6’, and
the times T7 to T7’ of the prohibition period and the pro-
hibition period has ended with the start condition M not
being established. In such a case, the operation execut-
ing unit 43 calculates each period of time between the
times T5 to T5’, the times T6 to T6’, and the times T7 to
T7’, in which the start condition M of the defrosting op-
eration has been established, by using the timer 46, and
calculates the sum of the three time zones in which the
start condition M has been established. When the calcu-
lated total time is equal to or more than the predetermined
period of time "h1", the operation executing unit 43 starts
the defrosting operation at the time T2 even though the
start condition M has not been established at the time T2
at which the prohibition period ends.

[0057] FIG. 4 (d) shows a case where the start condi-
tion M of the defrosting operation has been established
once within a predetermined period of time "h2" immedi-
ately before the prohibition period ends and the prohibi-
tion period has ended with the start condition M not being
established. In such a case, by using the timer 46, the
operation executing unit 43 confirms whether the start
condition M has been established after the time T8 before
"h2" with reference to the time T2 at which the prohibition
period ends. When the start condition M has been estab-
lished even once in this time zone, the operation execut-
ing unit 43 starts the defrosting operation even though
the start condition M is not established at the time T2.
[0058] According to the control method of the defrost-
ing operation shown in FIG. 4 (b) to FIG. 4 (d), (A) when
the total time in which the start condition M is established
during the prohibition period is equal to or more than the
predetermined period of time "h1" or (B) when the start
condition M is established even once within the prede-
termined period of time "h2" before the end of the prohi-
bition, the defrosting operation is started immediately af-
ter the prohibition period ends regardless of whether the
start condition M is established at the end time point of
the prohibition period. In this way, even in a state in which
frost formation is proceeding during the prohibition peri-
od, it is possible to quickly perform defrosting after the
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end of the prohibition period and to prevent the reduction
of heating capability. In addition, the length of the prohi-
bition period, for example, is 35 minutes, the predeter-
mined period of time "h1", for example, is 20 minutes,
and the predetermined period of time "h2", for example,
is 3 minutes.

[0059] Next, a method for adjusting the parameters re-
lated to the operational maintenance of the defrosting
operation according to the present embodiment will be
described.

[0060] FIG. 5 is a diagram showing an adjustment
method of the parameters related to the operational
maintenance of the defrosting operation in an embodi-
ment of the present invention.

[0061] FIG. 5 (a) shows a case where an execution
time Dx (x: 1 to n) of the defrosting operation has been
continuously shortened n times. That is, D1>D2>:-->Dn.
Such a case is considered to be an operational environ-
ment (the outside air temperature ThoA, the outdoor heat
exchanger temperature ThoR and the like) in which frost
hardly occurs. Accordingly, since the necessity to per-
form the defrosting operation is relatively low, it is pref-
erable that a long time is allocated to the heating opera-
tion as much as possible. Accordingly, the parameter set-
ting unit 44 sets the length of the prohibition period longer
by a predetermined period of time "h3". In this way, it is
possible to decrease the number of opportunities of per-
forming the defrosting operation and to prevent the heat-
ing operation from being disturbed more than necessary.
In addition, after the prohibition period is adjusted, when
the execution time of the defrosting operation is contin-
uously shortened n times, the predetermined period of
time "h3" may be further added with a predetermined
period of time "h4" for an initial value (for example, 35
minutes) of the prohibition period as an upper limit value
of an increment. In addition, the value "h3" to be added
at a time, for example, is 5 minutes and the upper limit
value "h4", for example, is 10 minutes.

[0062] FIG. 5 (b) shows a case where the execution
time Dx (x: 1 to n) of the defrosting operation has been
continuously increased n times. That is, D1<D2<:--<Dn.
Such a case is considered to be an operational environ-
ment in which frost easily occurs or a state in which de-
frosting is not possible in a one-time defrosting operation
and unmelted frost easily occurs. Accordingly, it is pref-
erable to increase the number of executions of the de-
frosting operation and to operate the defrosting operation
such that defrosting can be reliably performed. Accord-
ingly, the parameter setting unit 44 sets the length of the
prohibition period shorter by a predetermined period of
time "h5". Inthis way, itis possible to increase the number
of opportunities of performing the defrosting operation
and to prevent frost formation and unmelted frost. In ad-
dition, after the prohibition period is adjusted, when the
execution time of the defrosting operation is continuously
increased n times, the predetermined period of time "h5"
may be further subtracted with a predetermined period
of time "h6" for the initial value (for example, 35 minutes)

10

15

20

25

30

35

40

45

50

55

of the prohibition period as an upper limit value of a dec-
rement. In addition, the value "nh5" to be subtracted at a
time, for example, is 5 minutes, and the upper limit value
"h6", for example, is 10 minutes.

[0063] FIG. 5 (c) shows a case where the execution
time Dx (x: 1 to n) of the defrosting operation has contin-
uously expired n times. That is, D1=D2=---=Dn=upper
limit value (for example, is 15 minutes) of the execution
time of the defrosting operation. Such a case is consid-
ered to be an operational environmentin which frost eas-
ily occurs or a state in which defrosting is not possible in
aone-time defrosting operation and unmelted frost easily
occurs. Accordingly, it is preferable to increase the exe-
cution time of the defrosting operation and to operate the
defrosting operation such that defrosting can be per-
formed without unmelted frost. Accordingly, the param-
eter setting unit 44 sets the upper limit value of the op-
eration time longer by a predetermined period of time
"h7". In this way, it is possible to increase the execution
time of the defrosting operation and to prevent frost for-
mation and unmelted frost. In addition, after the operation
time is adjusted, when the defrosting operation has con-
tinuously expired n times, the predetermined period of
time "h7" may be further added with a predetermined
period of time "h8" for the initial value (for example, 15
minutes) of the operation time as an upper limit value. In
addition, the value "h7" to be added ata time, forexample,
is 5 minutes and the upper limit value "h8", for example,
is 10 minutes.

[0064] In addition, even though the execution time of
the defrosting operation has continuously expired n
times, the length of the prohibition period may be set
shorter by "h5" in the same manner as the adjustment
described in FIG. 5 (b).

[0065] According to the adjustment method of the op-
erational parameters shown in FIG. 5 (a) to FIG. 5 (c),
on the basis of the trend of the operation times of the
defrosting operation, (a) when the operation time of the
defrosting operation of each time has been shorter than
an operation time at the time of immediately previous
execution more than a predetermined number of consec-
utive times up to a defrosting operation performed pre-
vious time, the length of the prohibition period is in-
creased. Furthermore, (b) when the operation time of the
defrosting operation of each time has been longer than
an operation time at the time of immediately previous
execution more than a predetermined number of consec-
utive times up to a defrosting operation performed pre-
vious time, the length of the prohibition period is de-
creased. Furthermore, (c) when the operation time of
each time has reached an upper limit value of the oper-
ation time more than a predetermined number of con-
secutive times up to a defrosting operation performed
previous time, the upper limit value of the operation time
is increased. In this way, it is possible to appropriately
adjust the operational maintenance of the defrosting op-
eration in accordance with a frosting state, and it is pos-
sible to prevent the reduction of heating capacity by pre-



13 EP 3 546 853 A1 14

venting the progression of frost formation and unmelted
frost.

[0066] Next, the process flow of the execution control
of the defrosting operation will be described using FIG. 6.
[0067] FIG. 6is aflowchart showing an example of the
control method in an embodiment of the present inven-
tion. In addition, in the following description, a case where
the operation executing unit 43 performs the defrosting
operation of the DfR will be described as an example;
however, the same control can also be applied to a case
of performing the defrosting operation of the DfP.
[0068] Firstly, when a user starts to use heating. Then,
the control device 201 starts the heating operation (step
S11). Specifically, the operation executing unit 43 con-
trols the four way valve 7 such that refrigerant gas dis-
charged from the compressor 2 circulates the heating
path (the path connecting the first terminal 7A to the third
terminal 7C, connecting the second terminal 7B to the
fourth terminal 7D, and allowing the refrigerant gas to
flow from the compressor 2 to the indoor heat exchanger
3), and closes the two way valve 6. Next, the operation
executing unit43 determines whether the outside air tem-
perature ThoA and the outdoor heat exchanger temper-
ature ThoR satisfy the defrosting start condition M (for
example, outside air temperature ThoA-outdoor heat ex-
changer temperature ThoR>a) (step S12). In addition,
at the start of the heating operation, the operation exe-
cuting unit 43 may continue the heating operation without
performing this determination during a predetermined
prohibition period (for example, 35 minutes).

[0069] When the temperature difference (ThoA-ThoR)
does not exceed the predetermined constant o (step S12:
No), the operation executing unit 43 continues the proc-
ess of step S11 and continuously performs the heating
operation.

[0070] When the temperature difference (ThoA-ThoR)
exceeds a (step S12: Yes), the operation executing unit
43 determines that the outdoor heat exchanger 5 is frost-
ed. Next, the operation executing unit 43 determines
whether the present time is the prohibition period of the
defrosting operation (step S13). When the present time
is not the prohibition period of the defrosting operation
(step S13: No), the operation executing unit 43 performs
the defrosting operation (step S14). Specifically, the op-
eration executing unit 43 switches the four way valve 7
to the connection relation of the cooling path while keep-
ing the two way valve 6 closed, and performs an opera-
tion. In this way, the discharged refrigerant gas is sent
to the outdoor heat exchanger 5, so that defrosting is
performed. The timer 46 measures an elapsed time after
the start of the defrosting operation. The operation exe-
cuting unit 43 records the start time of the defrosting op-
eration in the storage unit 45 by using the timer 46. Next,
the operation executing unit 43 determines whether de-
frosting of the outdoor heat exchanger 5 has been
achieved, and stops the defrosting operation when it is
determined that the defrosting has been achieved. In re-
lation to the determination regarding whether the defrost-
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inghas been achieved, forexample, it may be determined
that the defrosting has been achieved when the temper-
ature difference (ThoA-ThoR) is within a predetermined
threshold value. When a predetermined upper limit value
has passed from the start of the defrosting operation, the
operation executing unit 43 stops the defrosting opera-
tion. In addition, when the upper limit value of the oper-
ation time of the defrosting operation is updated in step
S16 to be described later, the operation executing unit
43 performs determination of time-up with the updated
value. When the defrosting operation ends, the operation
executing unit 43 switches the four way valve 7 to the
connection relation of the heating path and resumes the
heating operation. Furthermore, the operation executing
unit 43 records the end time of the defrosting operation
in the storage unit 45 by using the timer 46. When the
defrosting operation ends, the prohibition period of the
defrosting operation is reached. The timer 46 measures
an elapsed time since entering the prohibition period.
[0071] Next, the operation executing unit43 calculates
the operation time of the defrosting operation by subtract-
ing the start time of the defrosting operation from the end
time of the defrosting operation, and records the calcu-
lated operation time in the storage unit 45 in correlation
with the starttime or the end time of a defrosting operation
of this time (step S15).

[0072] Next, the parameter setting unit 44 adjusts the
parameters related to the operational maintenance of the
defrosting operation (step S16). For example, when the
operation time of the defrosting operation recorded in the
storage unit 45 has become short a predetermined
number of consecutive times, the parameter setting unit
44 adds h3 (for example, 5 minutes) to a current prohi-
bition period (for example, 35 minutes) and updates the
prohibition period with the added value (for example, 40
minutes). Furthermore, when the operation time of the
defrosting operation has become long a predetermined
number of consecutive times, the parameter setting unit
44 subtracts h5 (for example, 5 minutes) from the current
prohibition period (for example, 35 minutes) and updates
the prohibition period with the subtracted value (for ex-
ample, 30 minutes). Furthermore, when the operation
time of the defrosting operation has expired a predeter-
mined number of consecutive times, the parameter set-
ting unit 44 adds h7 (for example, 5 minutes) to an upper
limit value (for example, 15 minutes) of a current opera-
tion time and updates the upper limit value of the oper-
ation time with the added value (for example, 20 minutes).
[0073] Onthe other hand, when the presenttimeis the
prohibition period of the defrosting operation (step S13:
Yes) or when the defrosting operation ends and the pro-
hibition period is reached, the operation executing unit
43 continuously performs the same determination as that
of step S12. Then, when the start condition M is estab-
lished, the operation executing unit 43 records the es-
tablished time in the storage unit 45, and when the start
condition M is not established, the operation executing
unit 43 records the unestablished time in the storage unit
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45 (step S17). Furthermore, the operation executing unit
43 determines whether the prohibition period has ended
(step S18). For example, when the elapsed time from the
start of the prohibition period measured by the timer 46
reaches a predetermined setting value (for example, 35
minutes), the operation executing unit 43 determines that
the prohibition period has ended. When the length of the
prohibition period has been updated in the process of
step S16, the operation executing unit 43 performs de-
termination with the updated value.

[0074] Whenthe prohibition period has notended (step
S18; No), the operation executing unit 43 continuously
performs the process of step S17.

[0075] When the prohibition period has ended (step
S18; Yes), the operation executing unit 43 determines
whether to perform the defrosting operation on the basis
of the establishment state of the start condition M during
the prohibition period (step S19). For example, on the
basis of the established time and the unestablished time
of the start condition M recorded in the storage unit 45,
the operation executing unit 43 calculates the sum of the
times during which the start condition M is established
during the prohibition period. When the total time ex-
ceeds h1 (for example, 20 minutes), the operation exe-
cuting unit 43 determines to perform the defrosting op-
eration. Furthermore, when the start condition M has
been established even once between the time before h2
after the end of the prohibition period and the end time,
the operation executing unit 43 determines to perform
the defrosting operation. When it is determined to per-
form the defrosting operation (step S19; Yes), the oper-
ation executing unit 43 starts the defrosting operation
immediately after the end of the prohibition period. That
is, after the end of the prohibition period, the operation
executing unit 43 performs the process of step S14 within
a predetermined time (for example, within 30 seconds).
When it is determined to perform no defrosting operation
(step S19; No), the operation executing unit 43 continues
the heating operation.

[0076] According to the present embodiment, even
though the start condition M of the defrosting operation
is established during the prohibition period of the defrost-
ing operation, even when the start condition M is not es-
tablished at the end of the prohibition period due to a
subsequent sudden change in outside air temperature,
it is possible to avoid non-execution of the defrosting op-
eration, to perform the defrosting operation after the end
of the prohibition period, and to perform defrosting. Fur-
thermore, on the basis of the trend of the operation times
of the past defrosting operations, when defrosting is not
sufficient, it is possible to promote defrosting by shorten-
ing the prohibition period or extending the upper limit val-
ue of the defrosting operation time. When defrosting is
performed more than necessary, it is possible to limit an
opportunity of performing the defrosting operation by ex-
tending the prohibition period. By these functions, it is
possible to realize the operational maintenance of the
defrosting operation according to the design intention of
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the air conditioner 1.

[0077] All functions or some functions of the control
device 201, for example, may be realized by hardware
composed of a large scale integration (LSI), an applica-
tion specific integrated circuit (ASIC), a programmable
logic device (PLD), a field-programmable gate array (FP-
GA), an integrated circuit and the like. Furthermore, all
functions or some functions of the control device 201, for
example, may be configured by a computer including a
processor such as a CPU. In such a case, the process
of each processing in the control device 201, forexample,
can be realized when the CPU and the like of the control
device 201 execute a program. The program executed
by the control device 201 may be recorded on a compu-
ter-readable recording medium, and the process of each
processing may be realized when the program recorded
on the recording medium is read and executed. In addi-
tion, the control device 201 is assumed to include an OS
and hardware such as a peripheral device. Furthermore,
the computer-readable recording medium, for example,
is a portable medium such as a flexible disk, a magneto-
optical disc, a ROM, and a CD-ROM, and a storage de-
vice such as a hard disk embedded in the control device
201. Furthermore, the computer-readable recording me-
dium may also include a medium for dynamically holding
a program for a short time period such as a communica-
tion line in the case where the program is transmitted via
a network such as the Internet or a communication line
such as a telephone line, and a medium for holding the
program for a constant time period such as a volatile
memory in a computer system serving as a server or a
clientin that case. Furthermore, the aforementioned pro-
gram may also be a program for realizing some of the
aforementioned functions, or a program capable of real-
izing the aforementioned functions in combination with a
program in which the aforementioned functions have
been previously recorded in the computer system.
[0078] Besides, the elements in the aforementioned
embodiment can be appropriately replaced with well-
known elements without departing from the scope of the
present invention. Furthermore, the technical range of
the present invention is not limited to the aforementioned
embodiment and various modifications can be made
within the scope of the present invention.

[Reference Signs List]
[0079]

1 Air conditioner

1A Outdoor unit

201 Control device

2 Compressor

3 Indoor heat exchanger
4 Expansion valve

5 Outdoor heat exchanger
6 Two way valve

7 Four way valve
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7A First terminal

7B Second terminal

7C Third terminal

7D Fourth terminal

10 Refrigerant circuit

20 Refrigerant pipe

20A Bypass start point

20B Bypass end point

200 Bypass pipe

100 Main circuit

110 Heat exchanger-side main circuit
120 Compressor-side main circuit

201 Control device

41 Outside air temperature acquiring unit
42 Outdoor heat exchanger temperature acquiring
unit

43 Operation executing unit

44 Parameter setting unit

45 Storage unit

46 Timer

Claims

A control device comprising:

an operation executing unit configured to perform a
defrosting operation after a prohibition period of the
defrosting operation ends on the basis of an estab-
lishment state of a start condition of the defrosting
operation during the prohibition period regardless of
whether the start condition is established at an end
time point of the prohibition period.

The control device according to claim 1, wherein,
when a total time, for which the start condition is es-
tablished during the prohibition period, is equal to or
more than a predetermined threshold value, the op-
eration executing unit is configured to start the de-
frosting operation even though the start condition is
notestablished atthe end time pointof the prohibition
period.

The control device according to claim 1 or 2, wherein,
when the start condition is established with a prede-
termined time before the prohibition period ends, the
operation executing unit is configured to start the de-
frosting operation even though the start condition is
notestablished atthe end time pointof the prohibition
period.

The control device according to any one of claims 1
to 3, further comprising:

a parameter setting unit configured to set a param-
eterrelated to an operational maintenance of the de-
frosting operation on the basis of a trend of operation
times of defrosting operations performed in the past.

The control device according to claim 4, wherein,
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10

when the operation times become shorter than an
operation time of animmediately previous defrosting
operation more than a predetermined number of con-
secutive times, the parameter setting unit is config-
ured to increase a length of the prohibition period.

The control device according to claim 4 or 5, wherein,
when the operation times become longer than an
operation time of animmediately previous defrosting
operation more than a predetermined number of con-
secutive times, the parameter setting unit is config-
ured to decrease the length of the prohibition period.

The control device according to any one of claims 4
to 6, wherein, when the operation times reach a pre-
determined upper limit value, which has been set for
the defrosting operation, more than a predetermined
number of consecutive times, the parameter setting
unit is configured to increase the upper limit value.

An air conditioner comprising the control device ac-
cording to any one of claims 1to 7.

A control method comprising:

a step of calculating an establishment state of a
start condition of a defrosting operation during
a prohibition period of the defrosting operation;
and

a step of determining whether to perform the de-
frosting operation after the prohibition period
ends on the basis of the establishment state re-
gardless of whether the start condition is estab-
lished at an end time point of the prohibition pe-
riod.

10. A program causing a computer to serve as:

a means that is configured to calculate an es-
tablishment state of a start condition of a defrost-
ing operation during a prohibition period of the
defrosting operation; and

a means that is configured to determine whether
to perform the defrosting operation after the pro-
hibition period ends on the basis of the estab-
lishment state regardless of whether the start
condition is established at an end time point of
the prohibition period.
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