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CONTROLLER FOR AIR CONDITIONER

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

The present invention relates to a controller for an
air conditioner, and more particularly to a controller for
an air conditioner, which has a cooling mode for effecting a
cooling operation and a heating mode for effecting a heating
operation and which automatically chaﬁges an operation mode
of an air éonditioner so that room temperature becomes a

predetermined set value.

DESCRIPTION OF THE RELATED ART

As a prior art on which the present invention is based,
there exists Japanese Patent Appliéation Laid-Open No. 63-
2171598. This technique disclosed therein compares the
temperature of a room to be air—cdnditioned (i.e., room
temperature) and a predetermined set témperature with each
other and effects on-off control of an air conditioner so
that the room'temperature becdmes fhe predetermined set

temperature. Further, a temperature region including the

set temperature in the center thereof is previously

determined as an observing region. When an operation mode

I'is a heating mode and thg period of t%me in which the room

temperature resides in a first region which exceeds an upper
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1limit of the observing regidn“is greater than or equal to a
predetermined value, the operation mode is changed from a
heating mode to a cooling mode. When the operation mode is
the cooling mode and the period of time in which the room
temberature resides in a second region which 1s less thaé a
lower limit of the observing region is greater than or equal
to the predetermined v;lue, the operation mode is changed
from the cooling mode to the heating mode. With this
technique, when load within the room to be air-conditioned
temporarily varies, for example, when a door opens and
closes, or when the number of indoor users increases or
decreases, the operation mode is adapted to not change
within the predetermined observing region so as to not
unnecessarily change in accordance with variations in the
temperature within the room.

| However, in the above—describe& prior art, the
operation mode is to be changed without considering a
tendency of temperature variation when the period of time in
which the room temperature resides within the first région
is longer than or equal to the predetermined value.
Accordingly, even if, during opefation in the heating mode,
the room temperature near the upper limit of the observing
region has a tehdency to fall, the operation mode 1is changed
to the cooling mode. For this reason, even when it is

predicted thatfthe r§omztempefature will become a value
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within the observing region without changing the operation
mode, the operation mode is changed and a compressor is
actuated, so that the room temperature is forcibly
controlled to be the set value. Accordingly, there was a

drawback in that the air-conditioning cannot be contrdlled

'so that the users feel comfortable.

Further, when the period of time in which the room
temperature resi&es within the second region is longer than
or equal to the predetermined time, i.e., even when, during
operation in the cooling mode, the room temperature near the
lower limit of the observing reéegion has a tendency to rise
and it is predicted that the.room temperature will become a
value within the observing region, the operation mode is
changed to the heating mode., Accordingly, there also

existed the drawback as described above.

SUMMARY OF THE INVEﬁTION

The present invention has been achieved in order to
solve the above-described drawback and an object of the
present invention is to provide a conyroller for an air
conditioner, which makes it possibie to controi the air-
condit;oning so that the users feel comfortable, by not
changing an operation mode in a state in which it is
predicted that room temperature will become a value within

an observing region. .
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In order to achieve the above-described object, in
accordance with a first aspect of the present invention,
there is provided a controlle: for an air.conditioner having
a detecting means for detecting temperature of a room to be
airconditioned, the room béing heated or cooled so that the
temperature becomes a desired temperature, comprising:
predicting means for predicting a temperature tendency of
the room; time measuring means'for méasuring a first period
of time an& a second period of time; control means for
controlling a heating mode for heating thg room and a
cooling mode for cooling the room such that the temperature

becomes the desired temperature; first changing means which,

in a case where, in the heatihg mode, the room temperature

is within a first region which exceeds an upper limit of an
observing region 1nc1uding the desired temperature when the
first period of time has elapsed, changes said heating mode
to the cooling mode if the température tendency is rising;.
and second changing means which, in a case where, in the
cooling mode, the room temperature is within a second region
which is less than a lower limit of the observing region
including the desired temperature when the second period of
time has elapsed, changes the cooling mode to the hegting
mode if the temperature tendency is falling.

Further, 1n accordance'with a second aspect of the

present invention, there is~pfovided a controller for an air
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conditioner having a detecting means for detecting
temperature of a room to be airconditioned, the room being
heated or cooled so that the temperature becomes a desired
temperature, comprising: predicting means for predicting a
temperature teﬁdenéy of the room; time measuring means for
measuring, as a first period of time, an elapsed time after.
heating of the room is stoﬁped, and measuring, as a second
period of time, an elapsed time after cooling of the room is
stopped; control means for controlling a heating mode for
heating the room and a cooling mode for cooling the room
such that the temperature becoﬁes the desired temperature;
first changing means which, in a case where, in the heating
mode, the room temperature islwithin a first region which
exceeds an upper limit of anlobserVing region including the
desired temperature when the first period of time has
elapsed, changes the heating mode to the cooling mode if the
temperature tendency ié rising; and second changing means
which, in a caée where, iﬁ the cooling mode, the room
temperature is within a second region which is less than a
lower limit of the observing region 1pc1uding the desired
temperature when the second period of time has elapsed,
changes the cooling mode to the heating mode if the
temperature tendency is faliing.

Inuaccordagpe_with.a third aspect of the present

_ 1nvention,'tpefé'is provided a controller for an air
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conditioner having a detecting means for detecting
temperature of a room to be airconditioned, the room being
heated or cooled so that said temperature becomes a desired
temperature, comprising: predicting means for predicting a
temperature tendency of the room; time measuring means for
measuring, as a first period of time, an elapsed time after
heating of the room is stopped and the room temperature
became a value within a first region which.exceeds an upper
limit of an observing region including the desired
temperature, and measuring, as a_second period of time, an
elapsed time after cooling of the room is stopped and the
room temperature became a value within a second region'which-
is less fhan a lower limit of the observing region; control
means for controlling a heating mode for heating the room
and a cooling mode for cooling the room such that the
temperature becomes the desired temperature; first changing
means which, in a case where, in the heating mode, the room
temperature is within the first region which exceeds the
upper limit of the 6bserving region including the desired
temperature when the first'periOd of Fime has elapsed,
changes said heating mode to said cooling mode if said
temperature tendency is rising; and second changing means
Which, in.a case where, in the cooling mode, the room
temperature is within the second region which is less than

the lower iimitlof the obser#ing region including the



desired temperature when the second period of time has
elapsed, changes the cobling mode to the heating mode if the
temperature fendency is falling.

According to the first aspect of the present invention,
the detecting means detects room temperature, the predicting
means predicts the temperature tendency of the room, and the
time measuring means measures the first period of time and
the second period of tihe. Thé temperature tendency of the
room can be predicted from the rate of change in the room
temperature, the rate of change of the room-temperature
average value, the average value of the rate of change in
the room temperature, or the like. Namely, i1f these values
are negative numbers and are less than or equal to a
predetermined value, it can.be determined that the room
temperature has a tendency to fall. If these values are
positive numbers and are greater than or equal to a
predetermined value, it can be determined that the room
temperature has a tendency tb rise. Further, it may be
possible to use, as the temperature tendency of the room,:
the predicted value which is obtained:by predicting the room
temperature after a predetermined period of time from the-
point in the present time, on the basis of the present-time
room temperature and the rate of change in the past-time
room temperature.

The control means qéntrols the cooling or heating
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operation of the air.conditioner and the stop of the
operation thereof, or the operating ability of the air
conditioner, in accordance with the operation mode such that
the rooﬁ_temperature becomes a predetermined set or desired
temperature. 1In the case where, in the heating mode, the
room temperature is within the first region which exceeds
the upper limit of the observing region including the
desired tempereture after the first period of time has
'elapsed, the firet-changing means maihtains the heating mode
if the room temperature has a tendency to fall, and changes
the heating mode to the cooling mode\if the room temperature
does not have a tendency to fall. Thus, the heating mode is
maintained when the room temperature has a tendency to fall.
This means that the operation mode is not changed in a state
where it is predicted that the room temperature will become
a value within the observing region although the operation
mode is not changed. Thus, unnecessary changing of the
operation mode is prevented.

Further, in the case where, in the cooling mode, the
room temperature is.within the second“region which is less
than the lower limit of the observing region after the
second period of time has elapsed, the second changing means
maintains the cooling mode if the room temperature has a
tendency to rise, and changes the cooling mode to the

heat@ngamdde:ifgfhe;fepm?temperature does not have a
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tendency to rise. Since the operation mode is maintained
even when the room temperature has a tendency to rise,
unnecessary changing of the operation mode 1is prevented.

It suffices that the observing region is defined in
such a manner as to include the predetérmined set or desired
temperature. However, it is preferable that the observing
region is defined so as to include the predetermined set
temperature in the center thereof,'since the upper and lower
1imits of the observing regidn are symmetrical to each other
with respect to the set temperature, and temperature ranges
between the upper limit of the'observing region and the set
temperature and between the lower limit of the observing
region and the set temperature are equal.

Further, as in the seéqnd aspect of the present
invention, by using the time measuring means, the elapsed
time after the heating opefation is étopped may be measured
as the first pefiod of time, and the elapsed time after the
cooling operation is stopped may be measured as the.second
period of time. Moreover, as in the third aspect of the
present invention, by using the timé measuring means, the
elapsed time after the heating operation is stopped and the
room temperature has become a value within the first region
may be measured as the first period of time, and the elapsed
time after the cooling operation is stopped and the room

temperature has become a value within the second region may
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be measured as the second period of time. It should be
noted that the first period of time and the second period of
time may be or may not be equal.

The above and other objects, features and advantages of
the present invention will become apparent from the
following description and the appended claims, taken in
conjunctioﬁ with the accompénying drawings in which
preferred embodiments of the present inventibn are shown by

way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described with reference to
the accompanying drawings wherein:

Fig. 1 is a block diagram of a controller according to
an embodiment of the present invention; |

| Fig. 2 is a refrigerant circuit diagram of an air

conditioner in which the controller shown in Fig. 1 is used;

Fig. 3 includes Figs. 3A and 3B, and is a flow chart
illustrating a control routine of the controller shown in
Fig. 1; .

Fig. 4 is a flow chart illustrating details of step 120
in Fig. 1; _' |

Fig. 5 is a flow chart i1llustrating details of step 140
in Filg. 1; aﬁd

Fig. 6 1s an explanatory dlagram illustrating a
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cooling/heating changing operation caused by the controller

shown in Fig. 1.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the accompanying drawings, a
description will be givén of an embodiment of the present
invention. Fig. 2 is a refrigerant circuit of an air
conditioner controlled by a controller according to the
embpdiment of the present invention. .In Fig. 2, numeral 1
is a coﬁpressor, numeral 2 1s a four-way valve, numeral 3 is
an outdoor-side heat exchanger}_numeral 4 is a capillary
tube, numeral 5 is an indoor-side heat exchanger, and
numeral 6 is an accumulator. These components are
sequentially connected in circular by a refrigerant piping
arrangement to form a refrigerating cycle. According to the
air conditioner, when the four-way valve 2 1is in a state
indicated by a solid liné in Fig. 2, a refrigerant
diséharged froﬁ the compressor 1 flows as indicated by a
solid-line arrow and the refrigerant is condensed at the
outdoor-side heat exchanger 3. The céndensed refrigerant
evaporates at the indoor-side heat exchanger 5, to effect
air—copling of the interior of a room. Further, when the
four-way valve 2 is in a sfate indicated by a broken line in
Fig. 2._the refrigerant discharged from the compressor 1

flows as indicated by a broken-line arrow and the
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refrigerant is condensed at the indoor-side heat exchanger
5. The condensed refrigerant evaporates at the outdoor-side
heat exchanger 3.and thus, air-heating of the interior of a
room is effected.

Numerals 7 and 8 are an outdoor-side air blower and an
indoor-side air blower, respectively, which are used td send
air to the outdoor-side heat exchanger 3 and the indoor-side
heat exchanger 5.

Fig. 1 shows a main portion of a controller which
controls the air conditioner shown in Fig. 2. In Fig. 1,
numeral 9 is a push switch, which outputs a signal for
changing the operation of the air conditioner between start
and stop each time the switch is pushed. Numeral 10 is a
changing switch which 1is used to changelan operation mode of
the air conditioner, such as a cooling mode C, a heating
mode H, a cooling/heating automatically-changing mode C/H
and a blowing mode F. A Gray-code switch is used as the
ch#qging switch 10. Numeral 11 is a room-temperature
setting device which is used to set a predetermined set
temperature. The room-temperature setting device 11 is
formed of Gray-code switches, whose codes correspond to the
set temperatures from 18°C to 28°C, respectively.

Numeral 12 is a micro processor (microcomputer), for
which, for example, TMS2600 manufactured by TI Company, can

be used. The microcomputer 12 stores a program on the basis
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of a control routine described below. The respective states
in which the switch 9, the changing switch 10 and the room-
temperature setting device 11 are pushed and set, are
inputted to the microcpmputer 12 by scanning signals at
input ports K;, Ko, K4, Kg, J1, Jq provided from output
ports Ry, Ry of the microcomputer 12 thrbugh the devices 9,
10 and 11, and.are stored in corresponding specific
addresses.

Numeral 13 is a temperature sensor having an element of
which internal resistance value changes in accordance with
an ambient temperature. The temperature sensor 13 is
provided at a position where it can sense the temperature of
a room to be.aif-cpnditidned. Oﬁe end of the temperature
sensor 13 is connected to an input port Az (analog input
terminal) of the microcomputer 12 and the other end thereof
is connected to a constant-volfage power source Vgg. The
microcomputer 12 inputs electric current corresponding to
the temperature of the room to be air-conditioned, from the
input port Ag every cycle of the program. Subsequently, the
microcomputer 12 effects A/D (analog/digital) conversion for
data based on the current value, and étores the converted
data. .The microcomputer 12 iﬁputs this déta value a
Plurality of times (approximately twenty times) and stores
an average value of the inputted data values as the

temperature t of the room to be air-conditioned.
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Thereafter, a temperature controlling operation is effected
on the basis of this stored value.

Numerals 14 through 20 are light-emitting elements for
representing the room temperature, which are respectively
| provided at positions corresponding to graduations of 15°C,
17°C, 19°C, 21°C, 23°C, 25°C and 27°C. The light-emitting
element corresponding to the graduation of a value neérest
the room temperature t of the foom\to be,air-conditioned is
turned on. |

Numeral 21 is a lightFemitting element for representing
"prevention of cold air", which is turned on when the
temperature (coil temperature tg) of the indoor-side heat
exchanger 5 shown in Fig. 2 is lower than or equal to a
predetermined value during a heating operation. The coil
temperature tg is inputted from the temperature sensor 22 to
the microcomputer 12 via an input port A4 in the same method
as the method of inputting the temperaturé of the room to be
air-conditioned. |

Numerals 23: 24 and 25 are light-emitting elements for
representing "cooling/heating automat%cally-changing mode",
"cooling mode" and "héating mode”, respectively. These
light-emitting elements 23, 24 and 25 are provided near the
respective represented characters. Further, these light-
émitting elements 23, 24 and 25 are respectively turned on

in accordance with the operation mode set by the changing
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switch 10. It should be noted that, when the_changing
switch 10 is set at "blowing mode"”, the light-emitting
element 24 for representing "cooling mode" is.turned on.

The above-described light-emitting elements 14 through
21, and 23 through 25 are connected to the output ports Ry
throﬁgh Rg and representing ports 0, through Og of the
microcomputer 12 and turned on by a dynamic lighting method.
It should be noted that numerals 26 through 29 are inverter
circuits.

Numerals 30 through 33 are relays, which control
energization for the éompressof 1, the_indoor-side air
blower 8, the outdoor-side air blower 7, and the four-way
valve 2, which are all shown in Fig. 2. One ends of these
relays 30 through 33 are respectively connected to output
ports Rg, Ry5, Rjg and Rg of the microcomputer 12 via
inverter circuits 34 through 37, and other ends thereof are
connected to a constant-voltage circuit of DC24[V].

- Numeral 38 is an oscillating circuit, which ié formed
frdm a crystal oscillator, resistance and capacitor and
provides a reference clock of the microcomputer 12 to input
ports 0CS1, 0CS2Z2.

Meanwhile, as ordinary power circuits can be used for
constant-voltage circuits which output the constant voltage
Vgs» DCZ4. Vagg and VRﬁF' é dééCription thereof 1is omitted.

Further, the above-described V,gg, Vppp are respectively an
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upper-limit voltage and a lower-limit voltage in an A/D-
converting operation of the microcomputer 12. Moreover, a
terminal INLT is a power reset terminal, which inputs a
signal which effects a reset operation of the microcomputer
12 at the time of a power source being turned on. It
suffices that this signél is outputted when output of the
power circuit is greater than or equal to a fixed voltage
value at the time of the poweriéource being turned on.
Next, a control routine to be effected by the above-
described microcomputer 12 will be described with reference
to a flow chart shown in Fig. 3. After confents of an
internal memory is initialized, the state in which the
switch 9 is pushed, the operation mode set by the changing
switch 10, and the set temperature set by the room-
temperature setting device 11 are inputted by a key-scan
operation (steps 100 and 102). Next, a time measuring
operation is effected in accordance with an operating
condition of the compressor 1 (steps 104 fhrough 112).
Namely, a timer starts measuring time (step.108) from the
time when the compressor 1 is changed‘from an on state to an
off state (i.e., yes in step 104), and the timer continués
measur;ng time during the off state of the compressor i
(i.e., yes in step 106). Subsequently, if a predetermined
time as measured by the timef (for example, two hours) has

elapsed (i.e., yes in. step 11Q0 and the air conditioner is
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brought into a stopped state by the switch 9 (i.e., yes in
step 111), memory of the cooling mdde or the heating mode on
the internal memory is invalidated (step 112). Further, if
the compressor 1 is actuated once again within two hours,
the timér restarts measuring time from the time when the
compressor 1 stopped.

Next, the temperature t of the room to be air-
conditioned and the coil temperature tg (the temperature of
the indoor-side heat exchanger 5) are inputted (steps 113
and 114).

When it is determined by the above-described scanning
operation that the switch 9 has been pushed; the air
conditioner is changed between an opefating state and a
stppped state (steps 116 through 126). If the air
conditioner is changed from the stopped state to the
operating state (i.e., no in step 118), the air conditioner
is actuated after an operation of "operation-mode
determination”(step 120) as shown in Fig. 4 is effected.

The "operatidn-mode'determination" is effected for
setting the cooling or heating mode at the beginning of
operation of the air conditioner. First, step 160 sets the
alr conditioner from a stopped state to an on state. Next,
it is determined which operation mode the changing switch 10
has been set at (step 162). If the changing switch 10 is

set at the automatic mode, it is determined whether or not
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memory of the cooling or heating mode is valid, and further,
if the memory is valid, the air conditioner is actuated in
accordance with the mode (steps 164, 166 and 170 through
176). Namely, if the predetermined time has not elapsed in
step 110, and therefore, the operation mode has not been
invalidated in step 112, the previously-set operation mode
is kept. If the memory of mode is not valid, the cooling
mode or the heating mode is reset on the basis of a high/low
relationship between the temperature T set by the room-
temperature setting device 11 and the temperature t of the
room to be air-conditioned (stéps 168 through 178).

On the othef hand, if the changing switch 10 is not set
at the automatic mode, the operation mode.set by_the
changing SWitch 10 is to be set (steps 178, 180, 170 through
1786). |

After.the air conditioner starts'operating by an air
conditioner-actuating operétion (step 124) following this
operation-mode determination, or when the air conditioner is
under operation and there is no action for the switch 9
(i.e., yes in step 150), the mode set_by the changing switch
10 is determined once again, and then the air conditioner is
actuatgd in accordance with the set mode (steps 128 through
148). In the case of the cooling operation in a
cooling/blowing mode (i.e., yes in step 128), the room

temperature- t and the set temperature T are compared with
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each other during operation, and when the room temperature t
becomes the set temperature T, the compressor 1 is turned
off to stop the operation thereof. Further, when the room
temperature becomes higher than the set temperature by a
predetermined temperatﬁre, the compressor 1 is turned on to
start the operation thereof, so that the room temperature t
is controlled to be the set temperature T. Further, also in
the caée of the heating operation (step 146) in a
heating/blowing mode (i.e., yes in stép 136), in a manner
similar to the cooling operation, the room temperature t is
controlled to be the set temperature T by comparing the room
temperature t and the set temperature T with each other
‘during operation and effecting on-off control for the
compressor.

Meanwhile, when the blowing mode is set during the
cooling operatioh, it is set. that t = 10, regardless of an
.actual temperature t in the room to be.air-conditioned
' (steps 130 and 132). t = 10 is the minimum value of
temperature detection value, and even when a value less than
this temperature value'is detected, it is also set that t =
10. Because the minimum set temperature T of the room-
tempergture setting device 11 is 18°C, a.cooling'operation
caused by driving of the compréssor 1 is not effected, and
substantially, a blowing operation is merely effected.

Further, during the heating operation, variatlions in the
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temperature tg of the indoor-side heat exchanger 5 are
detected to effect a defrosting operation or the like.

Next, a description will be given of details of
"automatic setting of modes”™ of step 140 in the automatic
mode (i.e., yes in step 138) to which the present invention
is related, with reference to Fig. 5. In the present
embodiment, a first region and a second region are defined.
The first region is a temperature range which exceeds an
upper limit (for.example, T + 1.5°C) of an observing region
which is a temperature region including a predetermined set
temperature T in the center théreof. Within the first
region, a third region is defined as a temperature range
exceeding a firét temperature (for example, T + 3.0°C) which
is higher than the upper limit by a predetermined value.
_The second region is a temperature range which is less than
a lower limit (for example, T - 1.5°C) of the observing
region. Within the second region, a fourth regioh is
defined as a temperature range less than a second
temperature (for example, T - 3.0°C) which is lower than the
lower limit by a predetermined value.

First, in step 200, by subtracting a newly-inputted
room tgmperature tygw from a room temperature tg;p
previously 1ﬁputted in step 113, a rate of change in the
room temperature, At is calculated. 1In step 204, it is

determined whether the compressor 1 has stopped. If the
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- compressor 1 is under operation, the cooling operation or
the heating operation is successively effected. When the
compressor 1 is brought into a stopped state (off state), a
timer stérts measuring tiﬁe (steps 202 and 208). The timer
is designed to be reset and start measuring time at the time
when the compressor 1 changes from an on state to an off
state, and expire at the time when a predetermined time (for
example, about an hour) has elapsed.

Next, when the room temperature t is T + 3.0°C or more
(1.e., t =2 1?; 3.0), namely, when the room temperature at
the present time is in the third region, the cooling mode is
directly sef irrespective of the current.operation mode
(steps 208 and 210). As a result, via Step 142 in Fig. 3,
the cooling operation of step 134 is effected. As described
above, the room temperature t and the set temperature T are
compared with each other during operation, and when the room
temperature t becomes the set temperature T, the compressor
is turned off and stops operating. Furthgr, when the room
temperature is higher than the set temperature by a
predetermined value, the compréssor is turned on and starts
operating. In this way, the room teméerature t is
controlled to be the set temperature T.

In é case of T+3.0 > t = T+1.5 (i1.e., when the room
temperature at the present time is in the first region), and

when the timer expires (steps 212 and 214).'an average value
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A tpg of the rate of change in the room temperature, At is
‘calculated in step 216. In step 218, it is determined
whether the average value A t,p is less than a predetermined
- value -a , thereby determining whether the room temperature
-has a tendency to fall. When the room temperature has a

| tendency to fall, it is predicted that the room temperature
will beéome a value within the observing region even if the
operation mode is not changéd. For this reason, the current
operation mode is kept. On the other hand, when the room
temperature does nof have a tendency to fall, the cooling
mode is set (step 210) in such a manner as described above,
thereby resulting in the cooling operation of step 134 in
Fig. 3 being effected.

Further, in a case of t < T-3.0, namely, when the room
temperature at the present time is in the fourth region, the
heating mode is directly set irrespective of the current
operation mode (steps 220 and 230). As a result, via step
144 in Fig. 3, the heating operation of step 146 is effected
and the room temperature t and the set temperaturé T are
compared with each other during the heating operation. If
the room temperature t becomes the sef temperature T, the
compressor is turned off and stops operating, and if the
room temperature becomes lower than the set temperature by a
predetermined value, the compressor is turned on and starts

operating. In this'way, the room temperature t is
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controlled to be the set temperature T.

In a case of T?3.0 < t £ T-1.5 (i.e.,,when the room
temperature at the present time is in the second region),
and when the timer expires (steps 222 and 224), the average
value A tpp of the rate of change in the room temperature,
At, is calculated in step 226. In step 228, it is
determined whether or not the average value A tpp is greater
than/equal to a predetérmined set value B8, thereby
determihing whether the room temperature has a tendency to
rise. When the room temperature has a tendency to rise, it
is predicted that the room temperature becomes a value
Within the observing region even if the operation mode is
not changed. For this reason, the'current operation mode is
kept. On the.other hand, when the room temperature does not
have a tehdency to rise, the heating mode is set (step 230)
in such a manner as described‘above,_thereby resulting in
the heating operation of step 146 in Fig. 3 being effected.

In the foregoing, the case in which the measuring of
time by the timer is started from the time when the
compressof 1 is changed from an on state to an off state,
was described. Alternatively, the timer may start measuring
time from the time when the temperature t becomes a value
within a temperature range of t = T+1.5 or becomes a value
within a temperature range of t £ T-1.5 1n a state in which

the compressor is‘turned-off;”whereby the changing of the
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operation mode can be performed by measuring, as the first
time, the period of time in which the room temperature
resides within the first region which exceeds the upper
limit of the observing region including the predetermined
set temperature, and by measuring, as the second time, the
period of time in which the room temperature resides within
the second region which is less than the lower limit of the
observing region. Also in this case, fhe same effects as
described above can be obtained. |

A description will be given, with reference to Fig. 8,
of a manner in which the operation mode changes between the
cooling mode and the heating mdde when the changing switch
10 is set at the automatic mode in the air conditioner
structured as above. It should be noted that, in a graph
which illustrates variations in the room temperature t in'
Fig. 6, a éolid—line portion and a broken-line poftion
illustrate an on state and an off state of the compressor,
respectively.

When the air conditioner starts operating by pushing
the switch 9 at the time of hg, the tgmperature t at_this-
time is higher than the set temperature T. As a result, a
cooling operation is effected. Between the time hy and the
time hi, the temperature t of the room to be air-conditioned
and the_set temperature T are compared with each other to

effect a thermo—cycle-operation'wherein the compressor 1is
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controlled to be on or off. Decreasing of outside air
temperature, or the like, occurs from the time h;. When the
temperature t becomes a value within a temperature range of
t £ T-3.0 at the time h, after a short period of time has
passed from the time h; , the operation mode is directly
changed from the cooling mode to the heating mode and the
heating operation starts. Subsequently, a thermo-cycle
operation for heating is effected up to the time hg in a
manner similar to.the cooling operatién. The outside air
temperature rises again from the time when the compressor is
turned off at the time hg , and the temperature t of the
room to be air-conditioned is stabilized while satisfying a
condition "t = T+1.5". When the timer expires at the time
hy in this state, the operation mode is changed from the
heating mode to the cooling mode and the cooling operation
starts again. It should be noted that, if the room
temperature has a tendency to fall, the operation mode is
.n_ot chahgéd and the room temperature naturally decreases to
be any value within the observing region.

Thus, when the temperature t of the room to be air-
conditioned is kept in a state of 3.0 =2 |t - T =2 1.5 even
after the predetermined time and when the room temperature
is not changing toward the observing region, or when the
temperature t satisfies the condition |t - T! = 3.0, the

operation mode is to be changed. For this reason, a masking
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operation of the timer functions when the temperature
tempqrarily changes, so as.to prevent the operation mode
from being incorrectly changed. Further, when the
temperature changes largely, the operation mode is changed
irrespective of the masking operation of the timer.

Further, when the room temperature in the temperature
range of T+1.5 < t < T+3.0 haé a tendency to fall, and
when the room temperature in the temperature range of T-3.0
s t = T-1.5 has a tendency to rise, the operation mode is
kept as it is. This makes it possible to prevent the
operation mode from being 1ncorrectly changed when the room
temperature is changing toward the observing region.

- Further, the cooling or heating mode is kept over the
fixed period of time from the time when the compressor 1
stops. When the operation starts again after the air
conditioner or the cohpressor once stops operating by
operating the switch 9 or the changing switch 10, the
previously-set operation mode is used.

Moreover, in this embodiment, the temperature range
between the set temperature and the upper limit of the
observing region and the temperature ;ange between the set
temperature and the lower limit thereof are equal to each
other, i.e., 1.5°C, and the first predetermined time and the
second predetermined time are equal to each other, 1l.e.,

about an hour. For this reason, a program of the
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microcomputer is simplified, and therefore, other control
programs can be increased. As a result, controllability of
the entire air conditioner imprqves.

Meanwhile, in the foregoing, the example was described
in which 1t 1is prediéted from the aferage value of the rate
of change ih the room temperature that the room.temperature
has a tendency to rise or fall. However, it may be
predicted that the room temperature has a tendency to rise
or fall on the basis of the réte of change in the room
temperature, the rate of change in.the foomhtemperature
average values, or a predicted value obtained by adding the
rate of change to the present-time room temperature.

As described above, the present invention has an
excellent effect in that, since the operation mode is not
changed in a state in which the room temperature is
predicted to become a value within the observing region,
air-conditioning can be controlled so that the users feel
comfortable.

While the embodiménts of the éresent invention, as
herein disclosed, constitute a prefepred form, it is to be

understood that other forms might be adopted.
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WHAT IS CLAIMED IS:

1. A controller for an air conditioner having a detecting
means for detecting temperature of a room to be
airconditioned, said room being heated or cooled so that
said temperature becomes a desired temperature, comprising:

predicting meané for predicting a temperature tendency
6f said room;

time measuring méans for measuring a first period of
time and a second period of time;

control means for controlling a heating mode for
.heating said room and a cooling mode for cooling said room
such that said temperature becomes said desired temperature;

first changing means which, in a case where, in said
heating mode, said room temperature is within a first region
which exceeds an upper limit of an observing region
including said desired temperature when said first périod of
time has elapsed, changes said heating mode to said cooling
mode if said temperature tendency is rising;'and

second changing means which, in a case where, in said
cooling mode, said room temperature is within a second
région'which is less than a lower limit of sald observing
region including said desired temperature when saild second
period of time has elapsed, changes sald cooling mode to

sald heating mode 1f said temperature tendéncy is falling.
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2. A controller for an air conditioner, according to claim
1, wherein said temperature tendency of said room to be
airconditioned is predicted on_the basis of a rate of change

in said detected temperature of said room.

3. A controller for an air conditioﬂer. according to claim
1, wherein said temperature teﬁdency of said room to be
airconditioned is predicted on the basis of a rate of change

of a temperature average value of said room.

4. A controller for an air conditioner, according to claim
1, wherein said temperature tendency of said room to be
airconditioned is predicted .on the basis of an average value
of the rate of change in said detected temperature of said

room.

. 5. A controller for an air conditioner, according to claim
1, wherein said temperature tendency of said room to be
airconditioned is predicted'oh the baéis of a predicted
value obtained by adding the rate of change in the room

temperature to a current room temperature.

6. A controller for an air conditioner, according to claim

1, wherein said desired temperature is set at the center of
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said observing region.

7. A controller for an air conditioner,.acoording to claim
1, further compriéing maintaining means which

in a case where, in said heating mode, said room
temperature is within said first region when said first
period of time has-elapsed, maintains said heating mode if
said temperature tendency is Talling, |

in a case where, in said cooling mode, said robm
temperature is within said second region when said second
period of time has elapsed, maintains said cooling mode if
said temperature tendency is raising, and

in a case where said room temperature is within said
observing region, maintains the current cooling of heating

mode as it is.

8. A controller for an air conditioner having a detecting
' means for detecting temperature of a room to be
airconditioned, said room being heated or cooled so that
said temperature becomes a desired temperature, comprising:

predicting heans for predicting é temperature tendency
of saiq room;

time measuring means for measuring, as a first period
of time, an elapsed time after heating of said room is

stopped, and ‘measuring, as a second period of time, an
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elapsed time after cooling of said room is stopped;

control means for controlling a heating mode for
heating sald room and a cooling mode fof cooling said room
such that said temperature becomes said desired temperature;

first changing means which, in a case where, in said
heating mode, said room temperature is within a first region
which exceeds an upper limit of an observing region
including said desired temperature when said first period of
time has elapéed, changes said heating mode to said cooling
mode if said temperature tendency is rising; and

second changing means which, in a case where, in said
cooling mode, said room temperature is within a second
region which is less than a lower limit of said observing
region including said desired temperature when said second
period of time has elapsed, changes said cooling mode to

said heating mode if'said temperature tendency is falling.

9. A controller for an air conditioner, according to claim
8, wherein said temperature tendency of said room to be
airconditioned is predicted on the basis of a rate of change

in said detected temperature of said room.

10. A controller for an air conditioner, according to claim
8, wherein said temperatufe tendency of sald room to be

“alrconditioned is predicted on the basis of a rate of change
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of a temperature average value of said room.

]

11. A controller for an air conditioner, according to claim
8, wherein said temperature tendency of said room to be
airconditioned is predicted on the basis of an average value
of the rate of change in said detected temperature of said

room.

12. A controller for an air conditioner, according to claim
8, wherein said temperatufe tendency of éaid room to be
airconditioned is predicted on’ the basis of a predicted
value obtained by adding the rate of change in the room

temperature to a current room temperature.

13. A controller for an air conditioner, according to claim
8, wherein said desired temperature is set at the center of

said observing region.

14. A controller for an air conditioner. according to claim
8, wherein said first period of time and said second period

of time are equal to each other.

15. A controller for an air conditioner, acoording to claim
8, further comprising maintaining means which

in a case where, in sald heating mode, said room
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temperature is within said first region when said first
period of time has elapsed, maintains said heating mode if
said temperature tendency is falling,

in a case where, in said cooling mode, said room
temperature is within said second region when said second
period of time has elapsed, maintains said cooling mode if
said temperature tendency is raising, and

in a case where said room temperature is within said
observing region, maintains the current cooling or heating

mode as it is.

16. A controller for an alr conditioner having a detecting
means for detecting temperature of a room to be
airconditioned, said room being heated or cooled so that
said temperature'becomés a desired temperature, comprising:

predicting means for predictihg a temperature tendency
of said room;

time measuring means for measuring, as a first period
of time, an elapsed time after heating of said room is
stopped and said foom temperature became a value within a
first region which exceeds an upper limit of an observing
region_including'said desired temperature, and measuring, as
a second period of time, an elapsed time after cooling of
said room is stopped and sald room temperature became a

value within a second region which is less than a lower
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limit of said observing region;

control means for controlling a heating mode for
heating said room and a cooling mode for cooling said room
such that said temperature becomes said desired temperature;

first changing.means'which, in a case where, in said
heating mode, said room temperature is within said first
region which exceeds said upper limit of said observing
region including said desired femperature when said first
period of'timé has elapsed, changes séid heating mode to
said cooling mode if said temperature tendency is rising;
and

second changing means which, in a case where, in said
coqling mode, said room temperature is within said second
region which is less than said lower limit of said observing
region including said desired temperature when said second
period of time has elapsed, changes said cooling mode to

said heating mode if séid temperature tendency is falling.

17. A controller for an aif conditioner, acoording to claim
18, further comprising maintaining means which

in a case where, in said heating mode, said room
temperature is within said first region when said first
period of time has elapsed, maintains said heating mode if
said temperature tendency 1is falling,

in a case where, in said cooling mode, said room
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temperature 1s within said second region when said second
period of time has elapsed, ﬁaintains sald cooling mode if
said temperature tendency 1is raising, and

in a case where said room temperature is within said
observing region, maintains the current cooling or heating

mode as it is.



