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(54) AIR CONDITIONER

(67)  When thermo-OFF is performed during heating
operation, the operation time period of immediate pre-
ceding thermo-ON operation is confirmed. When the op-
eration time period is not more than a specified time pe-
riod, the number of operations of thermo-ON is counted.
Every time thermo-ON and thermo-OFF are repeated,
the number of operations of thermo-ON is counted. When
the count of the number of operations reaches a prede-
termined number of times, defrosting operation is forcibly
performed. When thermo-OFF and the thermo-ON are
repeated in a short cycle, defrosting of an outdoor heat
exchanger can be performed. As described above, by
forcibly performing defrosting operation upon coming into
a situation in which thermo-OFF and thermo-ON are re-
peated in a short cycle, it is made possible to eliminate
an adverse effect that defrosting of the outdoor heat ex-
changer cannot be performed in such a situation.
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Description
Technical Field

[0001] The present invention relates to an air condi-
tioner which performs defrosting operation when frost for-
mation on an outdoor heat exchanger is detected during
heating operation.

Background Art

[0002] Inanair conditioner including an indoor unitand
an outdoor unit, frost is formed on an outdoor heat ex-
changer during heating operation, thereby adversely af-
fecting heat exchanging. Accordingly, detection of frost
formation on the outdoor heat exchanger is performed
by detecting temperature of the outdoor heat exchanger.
Upon detection of frost formation, defrosting operation is
performed.

[0003] Meanwhile, when heating operation is started
and a compressor is operated, refrigerant circulates
forming a refrigeration cycle. At the beginning of driving
of the compressor, the outdoor heat exchanger is rapidly
cooled since drawing pressure of the compressor is
large. For thatreason, ifjudgment whether or not defrost-
ing operation is to be performed is made based on the
temperature of the outdoor heat exchanger, erroneous
detection of frost formation occurs every time the com-
pressor operates, thus causing defrosting operation to
be performed. In order to avoid such unnecessary oper-
ation, Patent Literature 1 describes that a masking time
period is set such that defrosting operation will not be
performed for a predetermined time period after opera-
tion of the compressor.

Citation list
Patent Literature

[0004] Patent Literature 1: Japanese Patent Laid-
Open No. 10-267475

Summary of Invention
Technical Problem

[0005] During the masking time period after operation
of the compressor, defrosting operation will not be per-
formed. Meanwhile, when the room temperature reaches
a set temperature, "thermo-OFF" for stopping the com-
pressor is performed, and when the temperature de-
creases after awhile, "thermo-ON" for operating the com-
pressor is performed. If the thermo-OFF and the thermo-
ON are repeated in a short cycle, defrosting operation
will not be performed since a masking time period is set.
As a result of that, frost will not be removed even if frost
forms on the outdoor heat exchanger, and the outdoor
heat exchanger will freeze, disabling heating operation.
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[0006] In view of what has been described above, it is
an objective of the present invention to provide an air
conditioner which enables defrosting of an outdoor heat
exchanger when thermo-OFF and thermo-ON are re-
peated in a short cycle.

Solution to Problem

[0007] An air conditioner of the present invention in-
cludes a frost formation detecting section for detecting
frost formation on an outdoor heat exchanger during
heating operation, and a control apparatus for performing
defrosting operation upon detection of frost formation,
wherein the control apparatus invalidates detection of
frost formation during a predetermined masking time pe-
riod from start of heating operation, and validates detec-
tion of frost formation after elapse of the masking time
period. Moreover, the control apparatus forcibly performs
defrosting operation when thermo-OFF for stopping the
compressor during heating operation and thermo-ON for
operating the stopped compressor are repeatedly per-
formed.

[0008] When thermo-OFF and thermo-ON are repeat-
ed before elapse of a masking time period, defrosting
operation will not be performed since detection of frost
formation is invalidated. In such a situation, defrosting
operation is forcibly performed.

[0009] The control apparatus performs defrosting op-
eration when thermo-ON, in which operation time period
of thermo-ON is not more than a specified time period
which is set to be not less than the masking time period,
is performed for a predetermined number of times. That
is, the control apparatus checks if an operation time pe-
riod of immediately preceding thermo-ON is not more
than a specified time period when starting thermo-ON,
makes a count when it is not more than specified time
period, and performs defrosting operation when the count
reaches the predetermined number of times. The repeat-
ing of thermo-OFF and thermo-ON in a short cycle is
judged based on the operation time period of thermo-ON.

Advantageous Effects of Invention

[0010] According to the present invention, by forcibly
performing defrosting operation upon coming into a sit-
uation in which thermo-OFF and thermo-ON are repeat-
ed in a short cycle, it is made possible to eliminate an
adverse effect that defrosting of the outdoor heat ex-
changer cannot be performed in such a situation.

Brief Description of Drawings

[0011]
[Figure 1] Figure 1 is a schematic configuration dia-
gram of a refrigeration cycle of an air conditioner of

the present invention.
[Figure 2] Figure 2 is a control block diagram of the
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air conditioner.

[Figure 3] Figure 3 is a flowchart when defrosting
operation of a first embodiment is performed.
[Figure 4] Figure 4 is a flowchart when defrosting
operation of a second embodiment is performed.
[Figure 5] Figure 5 is a flowchart when defrosting
operation of a third embodiment is performed.
[Figure 6] Figure 6 is a flowchart when defrosting
operation of a fourth embodiment is performed.

Description of Embodiments
(First Embodiment)

[0012] Figure 1 shows an air conditioner of a first em-
bodiment. The air conditioner of a heat pump type is con-
figured such that an outdoor unit 1 and an indoor unit 2
are connected by piping and wiring. The outdoor unit 1
includes a compressor 3, a four-way valve 4, an outdoor
heat exchanger 5, an expansion valve 6, and an outdoor
fan 7. The indoor unit 2 includes an indoor heat exchang-
er 8 and an indoor fan 9. The compressor 3, the four-way
valve 4, the outdoor heat exchanger 5, the expansion
valve 6, and the indoor heat exchanger 8 are connected
by piping to form a refrigerant circuit. To connect the pip-
ing of the indoor unit 2 and the piping of the outdoor unit
1, atwo-way valve 10 and a three-way valve 11 are pro-
vided in the outdoor unit. The two-way valve 10 is inter-
posed in the piping connecting the expansion valve 6 and
the indoor heat exchanger 8, and the three-way valve 11
is interposed in the piping connecting the four-way valve
4 and the indoor heat exchanger 8.

[0013] Drivingthe compressor 3 causes the refrigerant
to circulate the refrigerant circuit. A refrigeration cycle for
heating or cooling is formed by the refrigerant circulating
around the refrigerant circuit. In a cooling cycle, the re-
frigerant circulates in the order from the compressor 3,
the four-way valve 4, the outdoor heat exchanger 5, the
expansion valve 6, and the indoor heat exchanger 8. In
aheating cycle, the refrigerant circulates in the order from
the compressor 3, the four-way valve 4, the indoor heat
exchanger 8, the expansion valve 6, and the outdoor heat
exchanger 5.

[0014] Then, as shown in Figure 2, the air conditioner
includes a control apparatus 12 which controls the refrig-
eration cycle to perform air conditioning operations such
as cooling, heating, and dehumidification. Moreover, the
air conditioner includes a room temperature detector 13,
an outside air temperature detector 14, an outdoor heat
exchanger temperature detector 15 for detecting temper-
ature of the outdoor heat exchanger 5, and an indoor
heat exchanger temperature detector 16 for detecting
temperature of the indoor heat exchanger 8. Each of the
temperature detectors 13 to 16 uses a temperature sen-
sor such as a thermistor.

[0015] The control apparatus 12 controls each of a ro-
tational frequency (operational frequency) of the com-
pressor 3, an opening of the expansion valve 6, a rota-
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tional frequency of the outdoor fan 7, and a rotational
frequency of the indoor fan 9 based on the temperature
detected by each of the temperature detectors 13 to 16
according to an instructed operation mode. Note that the
control apparatus 12 is made up of an indoor control sec-
tion provided in the indoor unit 2, and an outdoor control
section provided in the outdoor unit 1. The indoor control
section and the outdoor control section are connected
so as to be communicable with each other, and control
the operations of the indoor unit 2 and the outdoor unit
1 in cooperation with each other. The outdoor control
section transmits detection signals, which are inputted
from a plurality of temperature detectors 14 and 15, al-
together to the indoor control section, and the indoor con-
trol section manages detected temperature information.
[0016] Here, when heating operation is performed, the
temperature of the outdoor heat exchanger 5 becomes
lower than the outside air temperature, and frost forms
on the surface of the outdoor heat exchanger 5. Accord-
ingly, in order to detect frost formation on the outdoor
heat exchanger 5, a frost formation detecting section is
made up by the outside air temperature detector 14 and
the outdoor heat exchanger temperature detector 15.
The frost formation detecting section performs operation
of detecting frost formation during air conditioning oper-
ation. When the difference between the outside air tem-
perature and the temperature of the outdoor heat ex-
changer 5 becomes not less than a predetermined tem-
perature, the frost formation detecting section detects
that frost is formed on the outdoor heat exchanger 5.
[0017] The control apparatus 12 judges appropriate-
ness of defrosting operation based on the output of the
frost formation detecting section. That is, the control ap-
paratus 12 judges that a defrosting condition is met when
the difference between the outside air temperature and
the temperature of the outdoor heat exchanger 5 is not
less than a predetermined value, and that the defrosting
condition is unmet when the difference between the out-
side air temperature and the temperature of the outdoor
heat exchanger 5 is less than a predetermined value.
The control apparatus 12 performs defrosting operation
if a detection result meets the defrosting condition. Re-
verse defrosting is performed as the defrosting operation.
During heat operation, the compressor is stopped and
the operation is switched to cooling operation. Note that
detection of frost formation may be performed based on
the temperature of the outdoor heat exchanger 5. When
the temperature of the outdoor heat exchanger 5 be-
comes not more than a specified temperature below
freezing point, it is judged that the defrosting condition is
fulfilled.

[0018] When operation is started and the compressor
3 starts to operate, the temperature of the outdoor heat
exchanger 5 significantly decreases in the beginning of
the start of operation. For that reason, the detection result
meets the defrosting condition even though frost is not
formed on the outdoor heat exchanger 5. Accordingly, a
masking time period, during which detection of frost for-
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mation is invalidated for a predetermined time period
from the start of heating operation, is set. The control
apparatus 12 does not perform defrosting operation dur-
ing a period from the start of operation until the masking
time period has elapsed. When the masking time period
elapses, the control apparatus 12 judges necessity of
defrosting operation based on the output of the frost for-
mation detecting section.

[0019] Moreover, during heating operation, when the
room temperature reaches a set temperature, thermo-
OFF for stopping the compressor 3 is performed. When
the room temperature decreases after a while, thermo-
ON for operating the compressor 3 is performed. When
thermo-ON is performed as well, the control apparatus
12 invalidates detection of frost formation during a mask-
ing time period from the start of operation of the com-
pressor 3. When the masking time period elapses, the
control apparatus 12 validates detection of frost forma-
tion.

[0020] By the way, if thermo-ON is performed repeat-
edly while the masking time period has not elapsed, the
defrosting operation will not be performed during this pe-
riod even if frost is formed on the outdoor heat exchanger
5. When thermo-ON continues at a short cycle, frost
formed on the outdoor heat exchanger 5 grows, and the
outdoor heat exchanger 5 will be frozen. Accordingly, the
control apparatus 12 forcibly performs defrosting opera-
tion when thermo-OFF and thermo-ON are repeatedly
performed.

[0021] The controlapparatus 12 checks ifthe operation
time period of immediately preceding thermo-ON is not
more than a specified time period when thermo-OFF is
started. The specified time period is set to be not less
than the masking time period. For example, when the
masking time period is 7 minutes, the specified time pe-
riod is set to be 12 minutes. The control apparatus 12
performs defrosting operation when thermo-ON, whose
operation time period is not more than the specified time
period, is performed for a predetermined number of
times.

[0022] When heating operation is started, as shown in
Figure 3, the control apparatus 12 confirms if the room
temperature matches a thermo-ON condition (S1). The
thermo-ON condition is a case in which the room tem-
perature is lower than the set temperature. When the
room temperature is lower than the set temperature and
matches the thermo-ON condition, the compressor 3
starts operating in a heating cycle (S2). Note that when
the room temperature is not less than the set tempera-
ture, the compressor 3 remains to be stopped. At this
time, the indoor fan 9 is driven and air blowing operation
is performed.

[0023] Upon performing thermo-ON, the control appa-
ratus 12 confirms if the room temperature matches the
thermo-OFF condition (S3). The thermo-OFF condition
is a case in which the room temperature is not less than
the settemperature. When the room temperature is lower
thanthe settemperature, and does not match the thermo-
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OFF condition, the control apparatus 12 checks opera-
tion time period from the start of heating operation. The
control apparatus 12 confirms if the operation time period
has exceeded a specified time period (7 minutes) (S4).
During this period, frost formation detection is invalidat-
ed. When operation time period has exceeded the mask-
ing time period, the control apparatus 12 validates frost
formation detection and starts detection (S5).

[0024] During heating operation, the control apparatus
12 validates frost forming detection and confirms if the
detection result meets the defrosting condition (S6).
When the detection result meets the defrosting condition,
the control apparatus 12 performs normal defrosting op-
eration (S7). Moreover, a count to be described below of
the number of operations of thermo-ON is reset.

[0025] When the room temperature matches the ther-
mo-OFF condition, the control apparatus 12 causes the
compressor 3 to stop (S8). Then, the control apparatus
12 checks the operation time period of thermo-ON (S9).
When the operation time period is not more than the spec-
ified time period (12 minutes), the control apparatus 12
adds 1 to the count of the number of operations of thermo-
ON, and stores the count in a memory (S10). The control
apparatus 12 confirms if the count of the number of op-
erations reaches a predetermined number of times, for
example, 6 times (S11) .

[0026] When the operation time period of thermo-ON
is longer than the specified time period, or the count is
less than the predetermined number of times, the control
apparatus 12 confirms if the room temperature matches
the thermo-ON condition (S1) while continuing thermo-
OFF.

[0027] When the room temperature further decreases
due to thermo-OFF and the thermo-ON condition is ful-
filled, the control apparatus 12 causes the compressor 3
to operate (S2). The room temperature increases due to
thermo-ON. When the room temperature becomes high-
er than the set temperature, the thermo-OFF condition
is fulfilled (S3), and the compressor stops (S8). The con-
trol apparatus 12 checks the operation time period of
immediately preceding thermo-ON (S9). When the oper-
ation time period is not more than the specified time pe-
riod (12 minutes), the control apparatus 12 adds 1 to the
count of the number of operations of thermo-ON (S10),
and confirms if the count reaches the predetermined
number of times (S11).

[0028] Note that the operation time period of thermo-
ON may exceed the masking time period even if it is not
more than the specified time period. However, when ther-
mo-OFF and thermo-ON are repeated after the start of
heating operation, the control apparatus 12 invalidates
frost formation detection. Therefore, even if the operation
time period of thermo-ON exceeds the masking time pe-
riod, the control apparatus 12 does not judge the neces-
sity of defrosting operation. However, when the operation
time period of thermo-ON exceeds the specified time pe-
riod, the control apparatus 12 validates frost formation
detection, and judges the necessity of defrosting opera-
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tion. When a detection result by the frost formation de-
tecting section meets the defrosting condition, the control
apparatus 12 performs normal defrosting operation. At
this time, the count is reset. When defrosting is unnec-
essary, thermo-ON is continued, and the control appa-
ratus 12 confirms if the room temperature matches the
thermo-OFF condition. At this time, the count will not be
reset.

[0029] When the count reaches the predetermined
number of times, the control apparatus 12 forcibly starts
defrosting operation (S12). Moreover, the control appa-
ratus 12 resets the count of the number of operations of
thermo-ON to be 0. In this defrosting operation, "careful
defrosting" will be performed. That is, a heating cycle, in
which the rotational frequency of the compressor 3 is
increased and the indoor fan 9 is stopped, is carried out.
When the temperature of the indoor heat exchanger 8
becomes a predetermined temperature, for example,
54°C, operation is switched from the heating cycle to the
cooling cycle. As a result of this, since heat is accumu-
lated in the indoor heat exchanger 8, and high tempera-
ture refrigerant flows to the outdoor heat exchanger 5
after switching to the cooling cycle, it is possible to surely
and quickly perform defrosting. Upon completion of de-
frosting operation, the control apparatus 12 switches the
operation to the heating cycle and continues the heating
operation.

[0030] Thus, since defrosting operation is forcibly per-
formed when thermo-OFF and thermo-ON are repeated
in a short cycle, it is possible to eliminate a situation that
defrosting cannot be performed even though frost is
formed on the outdoor heat exchanger 5. Particularly, in
a situation in which heating operation is performed at low
load when the outside air temperature is low, it is often
the case that thermo-OFF and thermo-ON are repeated
in a short cycle. Although, in such a situation, there is a
risk that frost is formed on the outdoor heat exchanger
5, and the outdoor heat exchanger 5 freezes, defrosting
of the outdoor heat exchanger 5 is surely performed, en-
abling heating operation to be stably continued.

(Second Embodiment)

[0031] The cycle of thermo-ON varies depending on
the outside air temperature. Since efficiency of heating
operation decreases as the outside air temperature de-
creases, when the room temperature decreases, it takes
more time for the room temperature to become a set tem-
perature. As a result of this, the operation time period of
thermo-ON increases. On the contrary, when the outside
air temperature is not so low, the operation time period
ofthermo-ON decreases. Accordingly, the air conditioner
counts the number of operations of thermo-ON based on
a specified time period according to the outside air tem-
perature, and judges the necessity of frosting operation.
Note that other components are the same as those of
the first embodiment.

[0032] The control apparatus 12 determines a speci-

10

15

20

25

30

35

40

45

50

55

fied time period according to the outside air temperature.
When the outside air temperature becomes higher, a
shorter specified time period is set, and when the outside
air temperature becomes lower, a longer specified time
period is set. For example, the specified time period is
set to 7 minutes when the outside air temperature is not
less than -5°C and is set to 12 minutes when the outside
air temperature is lower than -5°C.

[0033] The control apparatus 12 monitors the outside
air temperature based on the output of the outside air
temperature detector 14 during heating operation. As
shown in Figure 4, when thermo-OFF is performed (S8)
after heating operation is started, the control apparatus
12 confirms the outside air temperature (S20), and sets
a specified time period according to the outside air tem-
perature. When the outside air temperature is not less
than -5°C, the control apparatus 12 checks the operation
time period of immediately preceding thermo-ON (S21)
based on the short specified time period (7 minutes).
When the outside air temperature is lower than -5°C, the
control apparatus 12 checks the operation time period of
immediately preceding thermo-ON (S22) based on the
long specified time period (12 minutes). When the oper-
ation time period is not more than the specified time pe-
riod, the control apparatus 12 adds 1 to the count of ther-
mo-ON (S10), and confirms if the count reaches the pre-
determined number of times (S11). When the operation
time period is longer than the specified time period, the
control apparatus 12 does not increase the count, and
confirms if the room temperature matches the thermo-
ON condition (S1).

[0034] When the outside air temperature is low, if the
number of operations of thermo-ON is counted in a short
specified time period, the number of operation will not be
counted when the operation time period of thermo-ON
exceeds the specified time period. As a result of this, the
time period until which the necessity of defrosting oper-
ation is judged becomes longer, and frost formed on the
outdoor heat exchanger 5 grows during that period, dis-
abling to remove the frost. Accordingly, by changing the
specified time period to a longer time period when the
outside air temperature is low, itis made possible to sure-
ly perform counting even if the operation time period be-
comes longer when the outside air temperature is low,
and reduce the time period until defrosting is performed.
Therefore, it is possible to perform defrosting of the out-
door heat exchanger 5 before frost has grown.

[0035] Moreover, when the outside air temperature is
high, the operation time period of thermo-ON is normally
short. When the operation time period of thermo-ON be-
comes longer, there is possibility that frost has been
formed on the outdoor heat exchanger 5. In this case,
the operation time period will exceed the specified time
period. If the specified time period is set to be a short
time period according to the outside air temperature, frost
formation detection becomes valid since the operation
time period of thermo-ON exceeds the specified time pe-
riod. Since frost formation is detected when frost is
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formed, it is possible to perform defrosting.
(Third Embodiment)

[0036] In the above described embodiments, when
thermo-OFF and thermo-ON are repeated in a short cy-
cle, defrosting operation is forcibly performed. However,
even in such a situation, there is a case in which no frost
is formed on the outdoor heat exchanger 5. In such a
case, defrosting operation is unnecessary. Therefore,
the air conditioner performs frost formation detection be-
fore performing forcible defrosting operation. That is,
heating operation is performed such that frost formation
detection becomes valid in thermo-ON for a predeter-
mined number of times. Note that, other components are
the same as those of the first or second embodiment.
[0037] The control apparatus 12 performs thermo-ON
such thatthe operation time period exceeds the specified
time period when performing heating operation by ther-
mo-ON for the predetermined number of times (6 times).
As shown in Figure 5, when the number of operations of
thermo-ON becomes 5 times (S30), the control appara-
tus 12 confirms if the room temperature matches the ther-
mo-ON condition (S31) while continuing thermo-ON.
[0038] Ifthethermo-ON conditionis fulfilled, the control
apparatus 12 performs the 6th thermo-ON. The compres-
sor 3 operates in the heating cycle (S32). At this time,
the control apparatus 12 forcibly performs heating oper-
ation for a time period longer than the specified time pe-
riod, for example, 13 minutes. Since, as a result of this,
the operation time period exceeds the specified time pe-
riod, the control apparatus 12 validates frost formation
detection, and judges the necessity of defrosting opera-
tion (S33). That is, the control apparatus 12 confirms if
a detection result by the frost formation detecting section
meets the defrosting condition (S6) after completion of
defrosting operation. If the detection result meets the de-
frosting condition, the control apparatus 12 performs de-
frosting operation by "careful defrosting”, and resets the
count (S12). When the detection result does not meet
the defrosting condition, the control apparatus 12 resets
the count (S34), and confirms if the room temperature
matches the thermo-ON condition (S1) while continuing
thermo-OFF.

[0039] Inthisway, although detection of frost formation
is not performed while thermo-OFF and thermo-ON are
repeated in a short cycle, defrosting operation will be
performed as needed by forcibly judging the necessity
of defrosting operation. When frost is not formed on the
outdoor heat exchanger 5, defrosting operation will not
be performed, thereby preventing unnecessary defrost-
ing operation from being performed.

(Fourth Embodiment)
[0040] In the above described embodiments, when

thermo-OFF and thermo-ON are repeated in a short cy-
cle, detection of frost formation is invalidated. Here, when
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heating operation is performed by thermo-ON, the oper-
ation time period of thermo-ON becomes longer if the
room temperature is hard to be increased. In such acase,
frost forms on the outdoor heat exchanger 5, the efficien-
cy of heating operation may have deteriorated. Accord-
ingly, the air conditioner is configured to perform defrost-
ing operation by detecting frost formation on the outdoor
heat exchanger 5 when the operation time period of ther-
mo-ON becomes long. Note that other components are
the same as those of the first to third embodiments.
[0041] The control apparatus 12 validates detection of
frost formation when the operation time period of thermo-
ON exceeds the specified time period, and judges the
necessity of defrosting operation. As shown in Figure 6,
when thermo-OFF is performed, the control apparatus
12 checks the operation time period of immediately pre-
ceding thermo-ON (S9). When the operation time period
is not more than the specified time period (12 minutes),
the control apparatus 12 adds 1 to the count of the
number of operations of thermo-ON (S10) and confirms
if the count reaches a predetermined number of times,
for example, 6 times (S11) .

[0042] When the operation time period of thermo-ON
is longer than the specified time period, the control ap-
paratus 12 resets the count (S40), validates frost forma-
tion detection, and starts frost formation detection (S41).
The control apparatus 12 confirms if the detection result
meets the defrosting condition (S42). When the detection
result meets the defrosting condition, the control appa-
ratus 12 performs normal defrosting operation (S43).
When the detection result does not meet the defrosting
condition, the control apparatus 12 confirms if the room
temperature matches the thermo-ON condition (S1).
When the room temperature matches the thermo-ON
condition, the control apparatus 12 performs thermo-ON
and operates the compressor 3 in a heating cycle (S2).
[0043] Inthisway, when thermo-ON is prolonged, frost
formation detection is performed. If frost is formed on the
outdoor heat exchanger5, the defrosting operationis per-
formed. Therefore, even if thermo-ON and thermo-OFF
are being repeated, it is possible to surely perform de-
frosting of the outdoor heat exchanger 5 when defrosting
is necessary.

[0044] As so far described, the air conditioner of the
present invention comprises a frost formation detecting
section for detecting frost formation on an outdoor heat
exchanger 5 during heating operation, and a control ap-
paratus 12 for performing defrosting operation upon de-
tection of frost formation, wherein the control apparatus
12 invalidates detection of frost formation during a pre-
determined masking time period from start of heating op-
eration, and validates the detection of frost formation af-
ter elapse of the masking time period, and the control
apparatus 12 forcibly performs defrosting operation
when thermo-OFF for stopping a compressor during
heating operation and thermo-ON for operating the
stopped compressor are repeatedly performed.

[0045] When operation is performed from thermo-ON
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to thermo-OFF in a short cycle, frost formation detection
will not be performed due to the masking time period.
However, by forcibly performing defrosting operation
when thermo-ON and thermo-OFF are repeatedly per-
formedin a shortcycle, itis possible to prevent a situation
in which frost formed on the outdoor heat exchanger dur-
ing that period grows and the outdoor heat exchanger 5
freezes.

[0046] The control apparatus 12 performs defrosting
operation when thermo-ON, in which operation time pe-
riod of thermo-ON is not more than a specified time period
which is set to be not less than the masking time period,
is performed for a predetermined number of times. This
makes it possible to surely perform defrosting when ther-
mo-ON is repeated in a shorter time period than the
masking time period.

[0047] The control apparatus 12 checks if an operation
time period of immediately preceding thermo-ON is not
more than a specified time period when starting thermo-
ON, to make a count when not more than the specified
time period, and performs defrosting operation when the
count reaches a predetermined number of times. As a
result of this, when the operation time period of thermo-
ON is longer than the specified time period, it will be ex-
cluded from counting. In this case, normal frost formation
detection and defrosting operation become possible, en-
abling defrosting.

[0048] The control apparatus 12 determines the spec-
ified time period according to the outside air temperature
so that the specified time period is made shorter when
the outside air temperature is higher, and the specified
time period is made longer when the outside air temper-
ature is lower. Since, as a result of this, the operation
time period of thermo-ON is affected by the outside air
temperature, it is possible to surely count thermo-ON in
a short cycle by determining a specified time period ac-
cording to the outside air temperature, thus enabling to
performforcible defrosting operation as soon as possible.
[0049] The control apparatus 12 resets the countwhen
thermo-ON whose operation time period is longer than
the specified time period is performed. Since this causes
frost formation detection to be validated, defrosting op-
eration can be performed as needed.

[0050] Notethatthe presentinventionwill notbe limited
to the above described embodiments and, as a matter
of course, many modifications and alterations can be
made to the above described embodiments within the
scope of the present invention. When thermo-OFF and
thermo-ON are repeated during heating operation, de-
termination may be made on whether or not forcible de-
frosting operation is performed. That is, when thermo-
OFF and thermo-ON are being repeated, the control ap-
paratus 12 judges the possibility of frost formation based
on a detection result of the frost formation detecting sec-
tion. Then, the control apparatus 12 determines the ne-
cessity of forcible defrosting operation based on the pos-
sibility of frost formation. When there is no possibility of
frost formation, it is judged that defrosting operation is
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not necessary. In this case, frost formation detection is
performed when the operation time period of thermo-ON
exceeds the masking time period. Moreover, when there
is possibility of frost formation, itis judged that defrosting
operation is necessary, and operation according to each
of the above described embodiments is performed.

Reference Signs List

[0051]

1 Outdoor unit

2 Indoor unit

3 Compressor

4 Four-way valve

5 Outdoor heat exchanger

6 Expansion valve

7 Outdoor fan

8 Indoor heat exchanger

9 Indoor fan

12 Control apparatus

13  Room temperature detector

14 Outside air temperature detector

15  Outdoor heat exchanger temperature detector
16  Indoor heat exchanger temperature detector
Claims

1. An air conditioner comprising a frost formation de-
tecting section for detecting frost formation on an
outdoor heat exchanger during heating operation,
and a control apparatus for performing defrosting op-
eration upon detection of frost formation, wherein
the control apparatus invalidates detection of frost
formation during a predetermined masking time pe-
riod from start of heating operation, and validates
the detection of frost formation after elapse of the
masking time period, the air conditioner being con-
figured such that
the control apparatus forcibly performs defrosting
operation when thermo-OFF for stopping the com-
pressor during heating operation and thermo-ON for
operating the stopped compressor are repeatedly
performed.

2. The air conditioner according to claim 1, wherein
the control apparatus performs defrosting operation
when thermo-ON, in which operation time period of
thermo-ON is not more than a specified time period
which is set to be not less than the masking time
period, is performed for a predetermined number of
times.

3. Theairconditioner according to claim 1 or 2, wherein
the control apparatus checks if an operation time pe-
riod ofimmediately preceding thermo-ON is not more
than a specified time period when starting thermo-
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OFF, makes a count when it is not more than the
specified time period, and performs defrosting oper-
ation when the count reaches a predetermined
number of times.

The air conditioner according to any of claims 1 to
3, wherein

the control apparatus determines the specified time
period according to outside air temperature so that
the specified time period is made shorter when the
outside air temperature is higher, and the specified
time period is made longer when the outside air tem-
perature is lower.

The air conditioner according to claim 3 or 4, wherein
the control apparatus resets the count when thermo-
ON whose operation time period is longer than a
specified time period is performed.
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