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present invention relates to an air conditioner and, jjno

r , to
an air conditioner cd‘hﬂ-&Q‘L ¥ ng the roorktenperature fHn tEE“ﬂHNHm‘m ‘]set
tenperature. There have b&&n known air conditioners havi reat
.exchangers each of which is provided gptggacaTaof | ndoors for performng a
process of heat exchange using refrigerant, a conpressor for conpressing

the refrigerant, a four-way valve for changing the directi*on in whi ch the
refrigerant flows, a capillary tube, and so on, and performng air

condi tioni ng i11|1*y_gr()pup|.|gqmm-pm rmdes such as heati ng, RTMP co,b_g
AIR CONDITIONER S .

BACKGROUND OF THE INVENTION

The present invention relates to an air conditioner and,
more particularly, to an air conditioner controlling the room temperature
“on the basis of a set temperature.

10 There have been known air conditioners having a pair of
heat exchangers each of which is provided outdoors' and indoors for
performing a process of heat exchange using fefrigerént, a compressor
for compressing the refrigerant, a four-way valve for changing the
direction in which the refrigerant flows, a cap_illary tube, and so on, and

15  performing air conditioning in various operational mdde'_s such as heating,
cooling, and dehumidifying modes by changing the direction of the
four-wa); valve or the like.

Such an air conditioner is provided with a temperature
sénsor for detecting the room temperature and if, in cooling or heating,

20 achieves the effect of air conditioning generally by bringing the room
temperature to agree with a preset target tem’p’eratur_e] Recently, such a

. type of air conditioner, so-called inverter type air conditioner, has also
- become popular, in which the operating frequency of the compressor is
made changeablé by an inverter such that the operating freqhenc’:y,

25 hence the operating capacity, of the compressor is changed according to
the change in the air conditioning load and, thereby, the room

temperature is accurately controlled with respect to the set temperature,



cqoling, and dehuni di fyi ng modes by changi ng the dithiSheethips BgentRe acfemgj-way'
valve or the like. Such an air conditioner is provi(rjﬁ | Il erature
sensor for detecting the roomtenperatuge and it, i I ating,
achieves the effect of air conditioning generally by bringing the room
tenperature to agree with a preset_target tenperature. Recently, such a
type of air conditioner, sHOWBVEBdt i kBpwaras aehalaeteristieliof itapsensaf al so

beconme popul ar, in which the operating frequency, of the conpressor is nade
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operating capacity, of the conpressor is changed according. to . the change in
the air condi tFB‘Pa' gn$ deensiant Fﬁgm,at“f?reh‘ﬂ'%ﬁﬂ‘yt &rpdiat %“é?if%r gclonfatel y

controlled with respect t he set te rature,.
Hme, IE?’\e ors etbecomes userg)?o ﬂ1e environment and, as a result, the

5 person, even if he felt comfortable at the beginning of his being placed in
the erivironment, gradually comes to feel less comfortable.
Conseque_ntly, even after lthe room temperature has reached the level of
the presét target temperature thrqugh the operation of the air conditioner,
he who has stayed in the room over'a certain length of time and, hence,

10 become used to the envirorimental conditions, may change the target
temperature to have more comfortable feeling. As a result, there has
frequently been made wasteful consumption of energy.

SUMMARY OF THE INVENTION

: 16 Accordingly, it is an object of the present inveﬁtion to
provide an air conditioner capable of reducing energy consumption
without lessening the comfortable feeling of the person in the room.

in order to attain the above object, an air conditioner set

forth in. claim.1 is characterized by that it comprises room temperature

20 detection means for detecting the room te?nperature of an air-conditioned
room, temperature setting means for setting a target temperature, air
conditioning means for performing air conditioning operation to bring the
~room temperature detected by the room temperature detection. means
toward the target temperature, and target temperature changing means,

25 in which the target temperature changing means corrects the target
temperature to rise and fall periodically in accordance with a

predetermined rule after the room temperature has substantially reached
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the operation tioner
correction in such a direction that the air conditioning load of the air

conditioning means is thereby lightened from that for attaining the target
5 temperature before correctioh. |

An air conditioner set forth in claim 2 is characterized, in
the air conditioner set forth in claim 1, by that the target temperature
changing means starts the correction of the térget temperature when the
period of time during .whicih the room temperature stays within a

10 predetermined temperature range including the target temperature is
about to exceed a predetermined length of time.

An air conditioner set forth in claim 3 is characterizéd by
that it comprises room temperature detection means for detecting the
room temperature of an air-conditioned room, temperature setting means

16  for setting a target temperature, air conditibning means for performing air
conditioning operation to bring the room temperature detected by the
room temperature detection means toward the target temperature, and
tafget temperature changing means, in which the target temperature
changing means corfects the target temperature to rise and fall

20 periodically in accordance with 1/ fluctuation when a predetermined
length of time has elapsed aﬂer the room temperature reached or
substantially reached the target temperature and shifts the average value
of the target temperature after the start of the correction in the direction
such that the air conditibning load of the air conditioning means is

25 lightened from that for attaining the target temperature before the
correction.

According to the air conditioner of the invention, the air
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ha who has stayed in the roomover a certain | ength dhisgh n Replaseds .
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5 , After the room temperature -has been brought
substantially to the target temperature through the air conditioning
operation made by the air conditioning means as described above, the
target températ'ure changing means corrects the target temperature to
rise and fall periodically in accordance with a predetermined rule and

10  shifts the average value of the target temperature after the start of the '
correction in such a direction that the air conditioning load of the air
conditioning means is thereby lightened from that for attaini_ng the target .

- temperature before the correction. |

Thus, the target tempeiature is corrected to rise and fall

16  periodically in accordance with' the predetermined rule and the average
value of the target temperature after the correction is shifted in such a
direction that the air conditioning load of the air conditioning means is
thereby lightened from that for attaining the target temperature before the
correction and, thus, 'enei_*gy consumed by the air conditioning means

20 | can be reduced.

While the air conditioner according io the invention can
be any of an air conditioner equipped with both cooling and heating
functions, an aif conditioner equipped with only cooling function, and an
air conditioner equipped with oniy heating function, the above "shifting 'in'

25 such a direction that the air éondiiioning load of the air conditioning
means is thereby lightened.frorn that for attaining the target temperature

before the correction" means shifting the target temperature toward
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lower temperature than the target temperature before the correction in
the case of heating opefatio’n. |
5 Wlth the target temperature corrected in the described
manner, the room temperature Varies up and down periodically in
accordance with a predetermined rule and the average value of the room
temperature takes on a value shifted in such a direction that the load of
the air conditidning means is thereby lightened from that for.attaining the
10  target temperature' before the correction.
Since the room temperature periodically varies up and.
down in the described manner, the person in the room hardly feels that
the environmental conditions inside the room are constant and, hence,
his or her comfortable feeling is prevented from becoming gradually
15  lessened by becoming used to the environmental conditions.
Therefore, it hardly occurs that the person in the room,
from a desire to have more comfortable feeling, for example, changes
the target temperature to the side increasing the load of the air
conditioning means from that for attaining the originally set target
20 temperature (to lower the temperature from the originally set temperature
in the cooling or to raise the temperature from the originally set
temperature in the heating) and, hence, consumed energy can be
prevented from increasing. Thus, energy consumption can be saved
without impairing the comfortable feeling. |
25 The target temperature changing means starts the
correction of the target temperature when the period of time during which

the room temperature is within a predetermined temperature range from



carrection in such a direction that the air conditi onThgfhe 1 c“&ig
conditioning neans is thereby lightened fromthat for ¢ili-ar get
tenperature before correction. An air cgnditioner set f ik 2 s
characterized, in the air conditioner set forth in claim1, by that the
target tenperature changing neans starts the correction of the target
t enper at ur e whdhettaegetetenmperaturei ise abioul tg exceed ahpredetermireth gesdiodrof st ays
within a predeterm ned tenperature range including the target tenperature
is about to exdimel a predetermined length of tinme. An air conditioner set
forth in claim3 is characterized by that it conprises roomtenperature
det ection neans for detectilhgougle susbnprastioer theuhuman senss, rindbedperiashed
room tenperature setting neans _

: before the room temperature becomes stabilized around the target

5 temperature, is not yet used to the environmental conditions in the room,
and hence comfortable feeling can be provided by bringing the room
temperature to the vicinity of the desired temperature (target
temperature). But when the room temperature has been within a
predetérmined temperature range from the target temperature over a

10  predetermined period of time, i.e., when the room temperature has
become stabilized around the target temperature, the target temperature
changing means shifts the average value of the target femperature in
such a direction that the air conditioning load of the air conditioning
means is lightened from that for attaining the target temperature before

15 the cormrection and the air conditioning means performs the air
conditioning operation to bring the room temperature toward the target
temperature.  Accordingly, the sense of the person in the room is
prevented from becoming used to the environmental conditions in the
room so that his or her comfortable feeling is not lessened but can be

20 maintained.

~ Therefore, fine room temperature control maintaining the
comfortable feeling according to changes in the sense of the person in
the room can be realized. |
| Further, according to the air conditioner of the invention,

25 the air conditioning. means performs air conditioning so that the room

| temperature detected by the room temperature detection means may be

brought toward the target temperature set by the temperature setting
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far setting a target tenperature, air conditioning mdans. forﬁerform’ ng, air

conditioning operation to bring the roomtenperature Qdérf‘ ) ‘bm :
tenperature detection neans toward the target tenperalur

t enperature changi ng neans, in which the target tenperat ans -
corrects the target tenperature to rise and fall periodically in accordance
with 1/f fluct 83 when a predeternined length of tine has el apsed after
the roomtenperature reached or substantjally reached the target .
tenperature and shifts theAfteEr3fpredateraingd period of jime hagRlapser &inga er
the start of the correction in the ciﬂiserection such that the air conditioning
| oad of the ai thedRAM eMPRIAtHEE, feached e targal temparaiura o substaptialy ng

the t t t t bef th i on.
€ target ten eearxc elg ?he etal(')gre? terr?pecrg urrg Ctthlrgt?gh the air conditioning operation

5 made by the air conditioning means as described above, the target
temperature changing means corrects the target temperature to rise and
fall periodically in accordance with 1/ fluctuation and shifts the average
value of the target temperature after the start of the correction in such a
direction that the air co_nditioﬁing load of the air conditioning means is

10  thereby lightened from that for attaining the target temperature before the
correction.

| Thus, the target temperature is corrected to rise and fall

periodically in accordance with the 1/f fluctuation and the average value

of the target temperature after the correction is shifted in such a direction

15  that the air conditioning load of the air conditioning means is thereby

lightened from that for attaining the target temperature before the
correction.

Incidentally, the 1/ fluctuation is fqr example related with
the number of human pulses and it is said to provide special comfortable

20 feeling to human being.

Since the room temperature periodically varies up and
down ih accordance with the 1/f fluctuation, the person in the room
hardly feels that the environmental conditions in the room are constant
and, hence, the comfortable feeling is prevented from becoming

25  gradually lessened but the person in the room can be given special
comfortable feeling.

Therefore, it becomes unnecessary for the person in the
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According to the air conditioner of the invention, t Has Be @ENVENT
SHEET 4 conditioning nmeans perforns air conditioning }, room
tenperature detected by the roomtenpergture detectio br ought
toward the target tenperature set by the tenperature setting neans. After

the room tenperature has been brought substanti all o.the target
t enper at ur err}t)hrrGGQ'h frem ﬁi‘?esér@ntﬂ k{%(‘!ﬁi mgre comfortablé }eehng, for example, to

change the target temperature to the side increasing the load of the air

conditioning meahs from that for attaining the originally set target
terhperature (to lower the temperature from the originally set temperature
5 in the cooling or to raise the temperature from the originally set
temperature in the heating) to invite an increase in consumed energy.
Thus, energy consumption can be saved without impairing the

comfortable feeling.

10 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a refrigerant circuit diagram of an air conditioner
according td an embodiment of the invention; '
FIG. 2 is an electric circuit diagram 'of the indoor unit of
the air conditioner; .
15 ~ FIG. 3 is an electric circuit diagram of the outdoor unit of
the air conditioner; o
FIG. 4 is a flowchart showing a control routine;
FIG. 5 is a flowchart showing a subroutine for heating
control;
20 FIG. 6 is a flowchart showing a subroutine for cooling
control;
FIG. 7 is a chart showing variations of the room
temperature; and
FIG. 8 is a chart showing variations of a constant used

25  for calculating the target temperature providing temperature fluctuations.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
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5 The air conditioner according to the embodiment has, as

shown in FIG. 1, an indoor unit 10 and an outdoor uriit 12 and, further,
has a refrigerant ciré.ulating path for circulating the refrigerant through the-
indoor unit 10 and the outdoor unit 12.
‘The indoor unit 10 is provid'ed with an indoor heat
| 10  exchanger 16. In the vicinity of the indoor heat exchanger 16, there is
provided a fan 17 driven by a fan motor 70E, described later. The fah
17 makes a draft through the indoor heat exchanger 16.
| The indoor heat exchanger 16 is connected with a valve
20 of the outdoor unit 12 by a i'efrigerant pipe 18 formed 6f a thick pipe.
16 Further, the valve 20 is connected with a four-way. valve 36 by a muffler
22. The four-way valve 3_6 is joined to the outdoor heat exchanger 28
.through an accumulator 24, a compressor 26, a muffler 38, aﬁd the
four-way valve 36.
The outdoor heat exchanger 28 is joined to a valve 32
20 through a cépillary tube 30 and a strainer 42 and also joined to the
~ junction point between the muffler 38 and the four-way valve 36 through
an electrom'agnetic valve 40. By having the valve 32 connected with
the indoor heat exchanger 1_6 by a refrigerant pipe 34 formed of a thin
pipe, a closed refrigerant circulating path, i.e., a refrigerating cycle, is
25 formed. |
In the vicinity of the outdoor heat exchanger 28, there is

provided a fan 29 driven by a fan motor 112A. The fan 29 makes a |



reduced. Wiile the air conditioner according to the k&‘ﬂty of
an air conditioner equipped with both c?gl ing and he n air

carrection and, thus, energy consuned by the air cond ﬁmﬁ‘ rreans can be
condi ti oner equi pped with onI y cooling function, and an

equi pped with o eat t|o the, above oshifting in sucha
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indoor unit 10. The electric circuit has a power board 70 and a control
board .72. On the power beard 70, there are provided a drive circuit

5 70A to which a fan motor 70E (DC brushless motor) for controlling the
draft sent into the room is connected, a motor power circuit 708 for
generating power for driving the motor, a control-circuit power circuit 70C
for generating poWer for a control circuit, and a serial-circuit power circuit
70D for generating power for serial circuits.

10 Accordingly, the number of revolutions of the fan motor
70E, hence the draft air quantity of the fan apparatus, can be controlled
at will by changing the DC voltage supplied to the drive circuit 70A from
the motor power circuit 70B by microcomputer. In this embodiment, the
voltage is controlled to have for example 256 steps within the range

15  between 12V and 36 V.

On the control board 72, there are provided a serial
circuit 72A connected to the serial-circuit power circuit 70D, a drive circuit
72B for driving the motor, and a microcomputer 72C as a control circuit.

The drive circuit 72B is connected with a step motor for up and down

20 flap 74A for moving the flaps up and down, step' motors for left and right
flaps 74B and 74C, and a floor-sensor step motor for floor sensor 74D
for turning the direction of the floor sensor for detecting the temperature
on the floor surface. Angles of these step motors are controlled by
signals supplied from the microcomputer 72C.

25 The microé.omputer 72C is connected with a displaying
LED for displaying operational modes and the like and a receiving' circuit

for receiving control signals from a remoter controller provided on a
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room temperature sensor 80A and a heat exchanger temperature sensor

80B for detecting the temperature of the indoor heat exchanger 16 and,

further, it is connected with a self-diagnostic LED, an operation

changeover switch for switching the operational mode between normal

operation and test operation, and a self-diagnostic switch _provided ona

. switch board 82.

10

15

20

25

FIG. 3 is a diagram showing an electric circuit of the
outdoor unit 12. The electric circuit has a rectifying circuit 100 and a
control board 102. The electric circuit of the outdoor unit 12 is joined
with the electric circuit: of the indoor unit 10 of FIG. 2 through a plurality
of terminals indicated by @ ~ @ .

On the control board-102, there aré provided a serial
circuit 102A connected to the serial-circuit power circuit 70D of the indoor
unit 16, noise filters 102B, 102C, and 102D for eliminating noises, a
switching power circuit 102E for generating power for switching an
inverter 104, and a microcomputer 102F as the éontrol circuitt The
microcomputer 102F controls the frequency (18 Hz - 150 Hz) of AC
power supplied to the compressor. and operations of various units in
accordance with control signals transmitted from the microcomputer 72C
of the indoor unit 10 'thro'ugh the serial circuit '72A in the indoor unit 10
and the serial circuit 102A. |

The switching power circuit 102E is connected to the
inverter 104 and the inverter 104 is connected to a compressor 106 for

compressing the refrigerant.
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5 compressor temperature thermistor 110C for detecting the temperature of

the compressor. To the outdoor unit 12 are connected the four-way

valve 36 and the electromagnetic vaive 40. Reference numeral 112A
denotes a fan motor and 112B denotes a fan-motor capacitor.

| - According to this air conditiéner, when the four-way valve

10 36 is switched, with the electromagnetic valve 40 turned off (closed), so

that the refrigerant circulates through the indoor. heat exchanger 16,

refrigerant pipe 18, valve 20, muffler 22, four-way valve 36, accumulator

| 24, compressor 26, muffler 38, four-way valve 36, outdoof heat

exchanger 28, capillary tube 30, strainer 42, valve 32, refrigerant pipe 34,

15  and the indoor heat exchanger 16 in the order named, the refrigerant is

évaporated in the indoor heat exchanger 16 and the refrigerant is

condensed in the outdoor heat exchanger 28 and, hence, cooling of the

space inside the room can be achieved. When the refrigerant is

circulated in the direction opposite to the above, the refrigerant is

20 condensed in the indoor heat exchanger 16 and the refrigerant is

evaporated in the outdoor heat exchanger 28 and, hence, heating of the

space inside the room can be achieved.

| Further, by opening the electromagnetic valve 40 during

the heating operation so that a portion of the refrigerant at high

25 temperature dischargéd from the compressor 26 flows into the outdoor

heat exchanger 28, the temperature of the outdoor heat exchanger 28 is

' raised and thereby formation of frost therein is made difficult.
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temperature, is not yet used to the environnental conditions in the room
air-conditioning control routine executed by the microcomputer 72C in the

indoor unit of the present embodiment will be described.
The control -routine shown in the flowchart of FIG. 4
5 starts when a remote controller, not shown, or a switch, not shown,
provided in the air conditioner has issued instructions to start the
-operation. |
In step 200, pieces 6f setting information such as the
operational mode, target temperature, wind direction of the fan, air

10  quantity of the fan, and so on are received. . In a ROM, not shown,
incorporated in the microcomputer 72C, there is stored default setting
information in advance, and when some item of setting inforination has
not been changed with | the remote co‘ntro_ller or the like, the default
setting information for that item is adopteid.

.15 " In follbwing step 202, it is determined whether the
operational mode in the setting information is that for automatic
operation. When the result of the determination is positive, step 204
follows, and when it is negative, namely, when the opérational mode is
another mode such as the cooling, heating, or -drying mode, step 224

20  follows. |

In step 224, the operation is performed in the pertinent
operational mode in accordance with the setting information. ~Since
details of such operation are like those of conventional arts and are not
directly associated with the present invention, description of the same will

25  be omitted here. The operation in step 224 is continued unless it is.
decided in the following step 226 that the setting ihformation has been

changed by the remote controller or the like during the operation. When
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stabi | i zed ar oted reswit ofr the: deterpunation dn step 226 gist pesitiyayr theurstepsaigi ng
means shifts the average value of the target tenperature in such a
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operation to bri rc]jgge't he roomtenperature toward the target tenperature.
Accor di nglyy, tMedeeisstor autematip Operrtiamandehensan thg decision in step 202 is

5 positive, then, in step 204, the target temperature Ta received in step

200 is compared with the room temperature Tt.

When the target temperature Ta is higher than the room
temperature Tt, namely, when the person in the room desires to heat the
robm, then, the decisioﬁ in step 204 is positive and step 208 follows and

10 therein the subroutine for heating control shown in FIG. § is executed.
However, when the target temperature Ta is lower than the room
temperature Tt, namely, when the person in the room desires to cool the
room, then, .the decision in step 204 is negative and step 206 follows and |
therein the subroutine for cooling control shown in FIG. 6 is executed.

16 Now, the subroutine for heating control shown in FIG. 5
will be described using a graph shown in FIG. 7, which shows an
example of changes in the room temperature during heating control
operation.- |

In step 300, the operating frequency of the compressor is

20  set through fuzzy calculation based on |Ta - Ttf and A [Ta - TY
(variation from a preceding value of [Ta - Tt}). The setting of the

' frequenéy made here will be described below.

The microcomputer 72C of the indoor unit 10 makes
fuzzy calculation based on the temperature difference between the target

25 temperature and the room temperature and the variation of the
temperature difference and thereby obtains the variation of the operating

capacity (frequenéy) of the compressor 26 and, then, transmits the
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realized. Further, according to the air condr i oner of th

ai r condi ti oni n{ariatiens op dhe pparating ‘Eﬁﬂﬁﬁiﬁf@n MiGraRRP ﬁ'er]'

t enperature det ect ed by the room tenperature det ectio be r ought
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microcomputer 102F in the outdoor unit 12, in tum, supplies the

on in the room can be
tlon the

compressor 26 with AC power at a new frequency obtained by adding
5 the above variation of the frequency to the frequency of the AC power.
which is currently supplied to the compressor 26. |

By . increasing or decreasing the frequency of the AC
power supplied to the compressor 26 on the basis of the target
temperature and room temperature, the operating capacity (frequency of

10 AC power) of the compressor 26 necessary for attaining the target
temperature can be obtained and the operation of the compressor 26 is
maintained at the operating capacity. When the target tentperature has
been changed under the above operating condttions, the veﬁation of the
operating Capaeity of the compressor 26 is calculated anew 'by the

15  microcomputer 72C and, thus, the operating capacity (frequency)
necessary for attaining the target temperature (air conditioning load) is
set. |

Then, in step 301, a heating operation is performed at
the frequency set as described above. Through the heating operation,

20 the room temperature rises during the period from time O to time t .
shown in FIG. 7.

In following step 302, it is determined whether a flag is
tumed on indicating that a feeling-of-warmth wave, i.e., control .to
periodically change the room temperature by correcting the target

25 temperature to rise and fall periodically in the temperature control
according to the invention, is executed.

When the decision in step 302 is positive, step 318



since the roomtenperature reached the target tenperatuyre | fdﬁ
reached the target tenperature through tkﬂg air conditiani jglllﬂglﬁﬂm.“ de
by the air conditioning nmeans as descri bed above, the tar

changi ng neans corrects the target tenperature to rise and fall

peri odi cal | y i follewsobutmhenit ishnegativie, stepdf4 dellawsd shifts the average

value of the target tenperature after the start of the correction in such a
direction that the air condingthefagdandbitumes an @t fsidister 30AJolwns i s

and therein it is determined whether the room temperature Tt has

REPLACEMENT SHEET 7 neans. After a predetermnined peri o§ @ﬁisgﬂegﬁlapgénﬁé d

become equal to or higher than 'the target temperature Ta-1 °C .

5 Since the room temperature Tt, immediately after the
start of the feeling-of-warmth wave (time 0 ~ time t 1« in FIG. 7),
does not become equal to or higher than the target temperature Ta - 1
°C , the decision in 304 is negative. Then, step 306 follows and therein
a timer, not shown, controlled by the mécrocomputer 72C is turned off.

10 Incidentally, the timer is off in the default state. Then the flow of
pro(:edure returns to step 300 and the steps of procedure are executed
ggain from this step.
| On the other hand, when the point of time t s in FIG. 7
has been reached or exceeded and the room temperature Tt has

15  become equal to or higher than the target temperature Ta - 1 °C , the
decision in step 304 becomes positive and step 308 follows. In step
308, the timer is on (started). and time measurement is made. If the
timer has already been turned on, the timer is not reset but only the time -
measurement is made. _

20 In fdllowing step 310, it is determined whether the .timer.
has counted 10 minutes or more as the result of the time measurement
in step 308. | |

Since the room temperature Tt between the points of
tmet + andt 2 inFIG. 7 is higher than the target temperature

25 Ta - 1°C , the decision in step 304 becomes positive and step 308
follows. However, since the period of time of 10 minutes has not yet

been passed since the timer has been turned on in step 308, the



thereby lightened fromthat for attaining the target ermhersaéetmaada@lfnzbleceahe
correction. Thus, the target tenperature is corrected to

periodically in accordance with the 1/f fluctuation amd thﬂ“H!E
of the target tenperature after the correklion is shifted in su
direction that the air conditioning load of the air conditioning neans is

t her eby |i ght erdetidiomin tstep 310r betdmesinegative. t bepee, trisflowadiupmdedire e t he
correction. Incidentally, the 1/f fluctuation is for exanple related with
the nunber of hetumns ftolstes 300cand thes stepisdoft proceduredares preduted egalrofroabl e
feeling to human being. Since the roomtenperature periodically varies up
and this step. '

When the point of time t = has been reached, the timer
5 count exceeds 10 minutes. Therefore, the decision in step 310
becomes positive and step 312 follows, and therein Ta -1 °C is set as
the target temperature for the first timé To.
In following step 314, information of the operating
condition. indicating the fact that the feeling-of-warmth wave, which will be

10  described later in detail, is started, namely the feeling-of-warmth wave is
turned dn, is set. In folloWing step 316, a timer for measuring the time
elapsed after the starf of the feeling-of-warmth wave is reset and, then,
the flow of pfocedure returns to step 300 and the steps of procedufe are
executed again from this step.

16 After steps 300 and 301 have been executed again,
positive decision is made, i.e., it is decided that the feeling-of-Warmth
wave is turned on, in step 302, and step 318 follows.

In step 318, it is determined whether the operating
frequency of the compressor is over a predetermihed frequency, and in

20 following step 320, it is determined whether the setting information has
been changed by the remote controller or the like. If the decision in any
of steps 318 and 320 is positive, the subroutine is terminated and retumns
to the main routine.

When the decision in each of step 318 and step 320 is

25 negative, step 322 follows and therein the time is measured on the timer.

In following step 324, it is determined whether the timer has counted

more than one minute as the result of the time measurement on the
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down in accordance wth the 1/f fluctuation, the perg Tm&hg@ga Iy
feels that the environnental conditions in the roomgre

hence, the confortable feeling is preventggd from bec m n

| essened but the person in the roomcan be given spe

feeling. Therefore It b%?%‘: S unnecessary for the person I n the 8 room
froma desire tmq{doétﬁB onfortable feeling, for exanpl e to change the

target temperature to the giqe.d Releas! BRok0g IR Stinid hied been started

in step 316, i.e.,_ the time elapsed after the feeling-of-warmth wave has
been started in step 314, is measured in step 322 and it is determined in
5 step 324 whether the time elapsed is over one minute.

' When one minute has not elapsed, negative decision is
made in step 324 and the ﬂqw of procedure returns to step 300 and the
steps of procedure are.executed again from this step.

When one minute has elapsed, positive decision is made

10 and .step 326 follows. In step 326, a variable M for calculating the
fluctuation amount, described later, is increesed in incrementé of 1.

The variable M is’ initialized at first to the initial value 0
and it is increased in lncrements of 1 in this step and, when the value .
becomes 121, the vaiue is set to 1 by an interrupt routine, not shown

16  Accordingly, the variable M, of which-the initial value is O, repeatedly
| takes up integers 1 ~ 120.

In following step 328, a new target temperature Ta is set
in accordance with the following expressions (1) and (2).

Ta=T o +Tb(M) .. (1)

20 ‘Tb(M)=05 X Kwn . (2)

The temperature T o in expression (1) is the above
described target temperature T o set for the first time, i.e, the
temperature lower than the target temperature Ta set at the beginning by
1°C .

25 _ Further, K m in expression (2) represents a previously
stored variable K and the value of the variable K is set so as to vary

within the range between the maximum value +1.0 and the minimum



candi t i oni ng means from thatll ks alig@f pinB®BEERe ||or | gi nal Thys Shedt Hash laced
tenperature (to lower the t eratggpe_AbE@n t heljori gi aII

in the cooling or to raise t nthe% lummﬁ
tenperature in the heating) to invite an increase in onsurred ener gy. T us,

energy consunption can be saved wi thout inpairing the confortable feeling.
BRI EF DESCRI PTvaiyeGH.0 gk intepwals\ofsore minate as shewnrindgdGaBt circuit di agram

of an air conditioner according to an enbodi nent of the invention; FIG 2
is an electric circuit di agtdimstptthe valuendb¥r 1 ushowofintf&. 8 is reasdand @ner :
FIG 3 is an electric circuit diagramof the outdoor unit of
new target temperature Ta is set.
Then, in following step 330, the timer is reset to measure
5 the time elapsed after the setting of the new target temperature Ta.
Then, the flow of prbcedure returns to step 300 and
steps of procedure are executed agéin from this step.
For the second time and forward after the setting of the
feeling-of-warmth wave, positive decision will be made fn step 302 and
10 negative decision made in each of steps 318 and 320, except for the
case where the setting information is changed during the operation by
the remote controller or the like or the case where the operating
~ frequency of the compressor becomes over the predetermined value
(namely, when the load on the air conditioner is increased), and steps
16 322 and 324 will be repeatedly executed until one minute elapses after
the timer was reset in step 330 as described above.
When one minute has elapsed, positive decision is made
in step 324 and, in the following steps 326 and 328, the value of the
variable K for the one minute period next to that for which the variable K
20  was read on the previous occasion, i.e., the value of K » in FIG. 8, is
read and, then, a new target temperature Ta is set based on this value
according to the above expressions (1) and (2). In the following step
330, the timer is reset again. '
' By repeatedly executing steps 300, 302, 318, 320, 322,
25 324, 326, 328, and 330 as described above, room temperature control

with the temperatures 0.5 °C above and below the teniperature lower

than the target. temperature Ta at the beginning by 1 °C_ taken as the
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from expressions (1) and (2), 1.e.,_ the feeling-of-warmth wave, is
executed.

Thus, the room temperature varies with the temperatures
0.5 °C above and below the temperature, which is 1 °C lower than
the target temperature Ta at the beginning, taken as the upper and lower
limits of the maximum width of fluctuation as shown in FIG. 7. The
reason why the temperature 1 °C  lower than the target temperatdre Ta
is taken as the center of the varying width is because it is known from

experimental data thet the comfortable feeling of human being is kepf,

even when the average room temperature is 1 °C lower than the

desired temperature (target temperature), virtuelly unchanged from the

comfortable feeling obtained at the desired temperature (target

temperature) by giving fluctuations to the temperature.

The heating control routine is forcedly terminated when °

instructions to stop the operation are issued by a remote controller, not

shown, or a switch, not shown, provided in the air conditioner.

Now, a cooling control subroutine shown in FIG. 6 will be

described.

In step 350, the same ae in above step 300, the
operating .frequency of the -compressor is eet through fuzzy calculation
based on [Ta - Tt| and A [Ta - Tt} (variation from a preceding [Ta - Tﬂ).

In following step 351, a cooling.operation is performed at
the frequency set in step 350.

In following step 352, it is determined whether a flag is
tumed on indicating that a feeling-of-coolness wave, ie., the control

executed in the cooling control, corresponding to the above described



9 ,An enmbodi nent of the invention will be described in matshéet HasBedn Replaced
to the acconpanyi-ng drawi ngs. Wil e nuneric val ues not i‘

i nvention are used in the follow ng descphption, the in

limted by any of such nuneric values. Thé air conditio according to
enbodi ment has, as shown in FIG 1, an indoor unit 10 and an outdoor unit
12 and, furt heffeelingsofawamnthi weverin tberhaatingi eentid(ther genteolrtouchangeythene

refrigerant through the indoor unit 10 and the outdoor unit 12. The indoor
unit 10 is proveeBdemperatue petodicalle By comrecting the target temperature to rise

and fall periodically), is executed.
When the decision in step 352 is positive, step 368
5 follows, and when it is negative, step 354 follows.

Since the flag is not tﬁmed_on at first, step 354 follows,

and therein it is determined whether the room temperature Tt has
. become equal to or lower than the target temperature Ta + 1 °C .

When the decision in step 354 is negative, step 356

10  follows and therein the timer is tumed off. Then, the ﬂov-v of procedure
returns to step- 350 and the steps of procedure are executed again from
this step.

When the decision in step 354 is positive, step 358
follows. In step 358, the timer is tumed on (started) and time

15 measurement is made. If the timer has already been turned on, the
timer is not reset but only the time measurement is made.

In the following stép 360, it is determined whether the
timer has counted more than 10 minutes as the result of the time
measurement in step 358.

20 When the decision in step 360 is negative, the flow of
procedure returns to step 350 and the steps of procedure are executed
again from this step.

When the decision in step 360 is positive, step 362
follows and therein Ta + 1 °C is set as fhe target temperature for the

25 first time T o . In following step. 364, information of the operating
condition that the feeling-of-cooiness wave, which will be described later

in detail, is startéd, namely the feeling-of-coolness wave is tumed on, is
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exchanger 16. Ih the vicinity of the indoor heat EXChaT%isgﬁwmabBMRb‘iird

provided a fan 17 driven by a fan notor 70E, described | at
makes a draft through the indoor heat ex r}anger 16. Thel i nam

exchanger 16 is connected with a valve 20 of the outdoor u y a
refrigerant pipe 18 formed of a thick pipe. Further, the valve 20 is
connect ed wi t hSatf dorth@dpliowingestap 388, dhentimerder measpringitbetime plapsede 36
is joined to the outdoor heat exc,han?er 28 through an accunul ator 24, a
conpr essor- 26, 84e slart afsthe fegling-Ocoginesawang isreset andothem e floweat
exchanger 28 is_joined to a valve 32 through apillary tube 30 and a
strainer 42 an8f aEP@Seg‘é"lené'ﬁtL{rBs-t'I?e stemic g%na?gi&'@ Bt f PrRcedure e 38

d the f - I 36 th h
and the Tour 1Y eddedagain rom s step.

5 After steps 350 and 351 have been executed again,
positive decision will be made in step 352, i.e., it will decided therein that
the feeling-of-coolnesé wave is turned on, and, then,' step 368 follows.

In step 368, it is determined, the same as in step 318,
whether the operating frequency of the compressor is oVer a
10  predetermined frequency, and in following step 370, it is determined, the
same as in step 320, whether the setting information is changed by the
remote controller or the like. [f the décision in any of steps 368' and 370
is positive, the subroutine is terminated and returns to the maiﬁ routine.
When the decision in each of step 368 and stép 370 is
15  negative, step 372 follows and therein the time is measured on the timer.
In the following step 374,. it .is determined whether the timer has
counted more than one minute as the result of the time measure.ment on
the timér in step 372.
When one minute has not elapsed, negative decision is
20 made in step 374 and, then, the flow of procedure returns to step 350 |
and the steps of procedure are executed again from this step.
‘ When one minute has elapsed, positive decision is made
in_step 374, and, then, steps 376, 378, and 380, similar to sieps 326,
328, and 330 in the above described heating control, are executed.
25 Namely, in step 376, the variable M for calcuiating the fluctuation amount
is increased in increments of 1, and in followihg step 378, a new target

temperature Ta is set in accordance with the following expressions (3)
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an el ectromagnetic val ve 40. By having the valve 32 elaly 1038 B \Wednke 1;@(,
I ndoor heat exchanger 16 by a refrigerant pipe 34 fdrne
closed refrigerant circulating path, i.e a refri ggat IﬁHmﬂwlm l
formed. In the vicinity of the outdoor hé3t exchang 28 ovi ded
a fan 29 driven by a fan notor 112A. The fan 29 nakes a 10 draft through
t he outdoor he@hdd4bhanger 28. FIG 2 is a di agram showi ng an el ectric
circuit of the

: Ta=T o +Tb(M) S )]

To(M)=0.5xK m ° .. (4)

The temperature T o in expression (3) is the above
5 described iarget temperature T o set for the first time, i.e., the
temperature higher than the target temperature Ta set at the beginning
by 1 °C . ’
- In following step 380, the timer is reset to measure the
time._elapsed after the setting of the new target temperature Ta and,
10 then, the flow of procedure returns to step 350 and steps of procedure
are executed again from this step..

For the second time and forward after the setting of the
feelingbf—coolness wave, positive decision will be made in step 352 and
negative decision made in each of steps 368 and 370, except for the

.16  case where the setting information is "changed during the operation by
the remote controller or the like or the case where the operating
frequency of the compressor becomes over the predetermined value
(namely, when the load on the air conditioner is increased), and steps
372 and 374 will be repeatedly executed until one minute elapses after

20 the timer was reset in step 380 as described abdve.

When one mihute elapsed, positive decision is made in
step 374 and, in the following steps 376 and 378, the value of the
variable K for the one minute period next to that for which the variable
was read on the previous occasion, i.e., the value of K 2 in FIG. 8, is

25 read and, then, a new target temperature Ta is set based on this value
according to the above expressions (3) and (4).l In the following step

380, the timer is reset again.



ir;door' unit 10. The electric circuit has a power boar BhisShechHes Breit Iaéeﬂl}
board 72. On the power board 70, there are provided a OA fo '
yvhi ch a fan not or 70E (DC brushl ess m)torhfor __control gjlmuﬁlm'"ﬂmlrse :
into the roomis connected, a notor power cCircuit 79!3 or ‘generating power
[or rhving the Motor 8 o Eehsafhd ek siShS S 288 Pbel pPGR7RL | "
dener 3t 00 POvRlrel eSSt v 350’ 42 aeBBARAT AP, s JBARFRRS coniel (o
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5  upper and lower limits. of the maximum wid_th of fluctuation, as apparent

from expressions (3) and (4) mentioned above, i.e., feeling-of-coolness

wave, ié executed.

Thus, the room temperature varies with the temperatures
0.5 °C above and below the temperature, which is 1 °C  higher than

10 the target temperature Ta at the beginning, taken as the upper and lower
limits of the maximum width of fluctuation.

The cooling control routine is forcedly terminated when
instructions to stop the operation are issued by a remote controller; not
shown, ora switch, not shown, provided on the air conditioner.

15 According to the. embodimént, as apparent from the
above description, comfortable feeling can be provided by bringing the
room temperature to the vicinity of a desired temperature (farget
temperature) until the room temperature is stabilized around the target
temperature, i.e., the human sense _becdmes used to the environment.

20  Further, even after the room temperature has been stabilized around the
target temperature, i.e., the human sense has become used to the
environmeht and the comfortable feeling has begun to lessen, thé
environment can be changed ‘and the comfortable feeling can. be
maintained by varying the room temperature. In this casé, finer cbntrol

25  of the room temperature can be executed for maintaining the comfortable
feeling according to changes in the human sense.

Further, since the target temperature is shifted to the_



bgtween 12 V and 36 V. On the control board 72, there armais lseeuﬂaslédmge
circuit 72A connected to the serial-circuit power ci rCi t

circuit 72B for driving the notor, and a ggcroconputer{ 72

circuit. The drive circuit 72B is connected with a step m)or r up an

down flap 74A for ving the flaps up and down, rmtorsfor | eft—arrer
right flaps 74sl%atwm§nmﬂjloadmotb\e@éﬁgadltlgnerplsmfzSen%in bofbeasesmebr 74D

for turning the direction of the floor sensor for detecting the tenperature
on the floor siieakiog.contrgl asd spoling senkiok therinad en e airsandiiones cay b gnal s
supplied fromthe nicroconputer 72C. The m croco yuter 72C i s connect ed
with a di spl ayirdueabas sonapargdayitih ihatpar hei eanve spragtice e whighethehd a
receiving ci rc%ém temperature was controlled to become equal to the target
5 temperature set at the beginning. Hence, energy saving can be
achieved. According to the results of experiments, the practice of
setting values in the present embodiment provides an energy saving
effect of approximatély 7%.
Althoﬁgh, in the embodiment, it is adapted such that the
10  constant K whose value varies with the passage of time as shown in
"FIG. 8 is stored in memory at the beginning and the stored data is read
in course of time, temperature control data may be obtained by
calculating, in course of time, temperatUre fluctuation data taking on 1/f
power spectrum on the basis of the following chaos calculating
15 expression (5). The fluctuation taking on 1/ power spectrum, the
so-called 1/f fluctuation, is said to represent the changes in the human
pulse, as an example, and to provide special comfortable feeling to
human being. Therefore, if the temperature fluctuation is realized by
such Means, special comfortable feeling can be obtained.
20 Xn +1 =(Xn+Xn '+ % IMOD1 ... (5)
| (Initial value: X o = 0.2)

Further, in addition to the practice varying the room
temperature (providing it with fluctuations) as in the above embodiment, if
the wind qtiantity of the fun is_ also controlled to exhibit variations

25 (fluctuations) the same as in the temperature variations in the

embodiment or to exhibit the 1/f fluctuations as described above, more

special comfortable feeling can be provided.
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far receiving control signals froma remoter controller e laced 7]
di splay board 76 and al so connected with the fl oor senso (o] tﬂe
tenperature on the floor surface and an gptical sensor p ensdr

board 78. The m croconputer 72C is further connected with a room
b TS e oren PR, FACSRaMle |ABP S rat iRl
L5y Eonrect o0 "t Scofh e S g Nopist M hogh Maeael gl o
and a self-di agpaGh! EmBYkdhtP Y iK\EhtfoR Ean be applied to the air conditioner
whether it is that equipped with only cooling function or that equipped
5 with only heating function. |
According to the invention, as described above in detail,
the target temperature is corrected to rise and fall peribdically in
accordance with a predetéﬁnined rule and, further, the average of the
target temperature after making the correction takes on a value shifted to
10  the side at which the air conditioning load of the air conditioning means
becomes - lower than when the target temperature has not been
corrected. Therefore, the room temperature varies up and down
periodically accdrding to the predetermined rule and the average of the
room temperature takes on a value shifted in such a direction that the air
15  conditioning load of the air conditioning means is thereby lightened from
that for attaining the target temperature before the.correction. |
Accordingly, an excellent effect can be obtained that
energy consumption can be reduced without impairing the comfortable
feeling.
20 _ In the early stagé of operation before the room
temperature is stabilized around the target temperature, the human
| éense is not yet used to the indoor environment, and, hence, the
cbmfortable' feeling can be provided by bringing the room temperature to
the vicinity of the desired temperature (target temperature). Further,
25  after the room temperature has been at a value within a predetermined
temperature range from the target temperature over a predetermined

length of time; i.e.,, after the room temperature has been stabilized



switch board 82." FIG 3 is a diagramshowi ng an el ect r|i Gyckesat Beh Rediased
outdoor unit 12. The electric circuit has a rectifying ci a
control board 102. The electric circuit.of .the outdoori unﬂ“mgﬂ‘g\“u “ld
with the electric circuit of the indoor @it 10 of FIG 2 a
plurality of termnals indicated by [err]. On the control board 102, there
are provi ded a aseunditheitargetttempmraitig,nthe: taigeb terhperatureachangingiinneanswer
circuit 70D of the indoor unit 10, noise filters 102B, 102C, and 102D for
el i mi nating noicgyses dhevavaragegvaleaf ther taiget teampembiregionshiflt imgughvwer f or
switching an inverter 104, and a m croconputer 102F as the control circuit.
The i cr oconputdifection thgbthe @irsceonditionisguieadyof( the mir conditipning raeantcis

thereby lightened from that for attaining the target temperature before the
5 correction, and the air conditioning operation is performed to bring the
room temperature to this room temperature, so that the sense of a
person in the room is prevented from becoming used to the indoor
environment énd ‘his or her comfortable feeling is prevented from
lessening. Thus, the comfortable feeliﬁg of the person in the room can

10  be maintained.

Accordingly, an excellent effect is obtained that fine room
temperature control can be executed to maintain the comfortable feeling
c.orresponding to the changé in the sense of the person in the room.

i Further, according to the invention, the room temperature

15 is corrected to rise and fall in accordance with the 1/f fluctuation and,
further, the average value of the target temperature after the correction
takes on a value shifted in such a direction that the air conditioning load
of the air conditioning means is thereby lightened from that for attaining
the target temperature before the correction. Hence, also the room

20 temperature periodically varies up and down in accordance with the 1/f
fluctuation and the average value of the room temperature takes on a
value shifted in such a direction that the air conditioning load of the air
conditioning means is thereby lightened from that for attaining the target
temperature before the correciion.

25 Therefore, an excellent effect is obtained that energy

consumption can be reduced without lessening the comfortable feeling.

Especially in this case, since the roof_n temperature



pqwér suppl ied to the conpressor and operations of vari q‘hﬁssmmﬁasmen laced
accordance with control signals transmtted fromthe m cr

the indoor unit 10 through the serial ci r5§|t 72A in the | and
the serial circuit 102A. The switching power circuit 102E TS connect ed to

Compr 351 ng YRGS 130 GO Acobranss Kt PAdEERtop, such an Gxcellon cffect can
also be provided that special comfortable feeling is given to the person in the room.
The term 1/f as used herein relates to a frequency domain to time domain
. transformation. For example, a human being at rest will have a pulse rate f which is
5 not constant but which undergoes essentially random fluctuations. The quantity 1/f
represents the variation in the time period of those pulses. It is thought that if the
variation of the room temperature as determined by the air conditioner, varies in a
similar way to the way in which the human pulse varies, an especially comfortable
feeling is perceived by human beings. :

[N:\LIBOOJ00520:cg



The* i croconputer 102F is connected with an outside alr terrperature

therm stor 110A as an outside air tenperature sensor foThstﬁé@@

b
outside air tenperature, a coil tenperature thermstor 1
the tenperature of the outdoor heat exchaﬂger 28, and'a

il

temperature thermistor 110C for detecting the tenperature of t he
conpressor. ToWHATOIS GbAIMERI IS:12 are connected the four-way val ve 36 and

the el ectromagnetic val ve 40. Reference nuneral
and 112B denotes a fan-not dr dMpalri canditiones deing gossessedsofa refrigetatingoner
when the four-way valve 36 is switched, with the el ectromagnetic val ve 40

112A denotes a fan notor

|

turned of f (cl oyele) using aheemprassosf angeuunpr deat Lexchapgenr amggxpamsiomdoor

heat exchanger

val ve 36, accudg@vigeoand an indoor

5

10

15

20

25

16, refrigerant R pe 18, valve 20, nmuffler 22, four-way
eat exchanger comprising:

room temperature detectioh means for detecting the
room temperature of an air-conditioned.room;

temperature set'ting means for setting a target
temperature;

air conditioning means for performing aif conditioning
operation to bring tne room- temperature detected by said room
temperature detection means toward said target temperature; and

target temperature changing means,

_ Whel"ein said target temperature changing means
corrects said target tiernperature to rise and fall periodically in accordance
with a predetermined rule after the réom temperaiture has .substantially
reached said target temperature by air conditioning operation of said air
conditioning means and shifts the average value of said target
temperature after the correction has been made in such a direction that
the air conditioning load of said air conditioning means is thereby
lightened from that for attaining said target temperature before the

correction.

2. An air conditioner according to claim 1, wherein said
target temperature changing means starls said correction 6f the target
temperature when the period of _time during which the room temperature
stays within a predetermined .temperature range including the target

temperature is about to exceed a predetermined length of time,.

| ™
* [ L M s *



S as
28, capillary tube 30, strainer 42, valve 32, refrigeran ﬁﬁmmﬁﬁﬁ C
i ndoor heat exchanger 16-in the order nangg, the refrjge at o

in the indoor heat exchanger 16 and the refrigerant is condensed in the

out door heat exchanger gﬂ.d oﬂ&ﬁﬂﬁ:@r B It&gesg%da%)gg féﬁﬁg{iﬁ??gg&&t&%é gto'm

can be achi eved. ™Wen the refrigerant | I'rcul a ) CLion
opposi t e t o COPPressefy can ohikdope thepy exehngers atogERaANsion deviee; candn 88 cindeer; heat
exchanger l@xapmgbiheompisingler ant is evaporated in the outdoor heat

o 2 ol e oneie haSlioh 1R 357 AR o SRR o an
heati ng epemitcomditiomed badmpa portion of the refrigerant at high
temperature setting means for setting a target temperature;
air conditioning means for performing air conditioning operation to bring the
room temperature detected by said room temperature detection means toward said target
temperature; and
10 target temperature changing means,
wherein said target temperature changing means corrects said target
temperature to rise and fall periodically in accordance with 1/f fluctuation when a
predetermined length of time has elapsed after the room temperature reached or
substantially reached said farget temperature and shifts the average value of said target
15 temperature after the correction in such a direction that the air conditioning load of said
air conditioning means is thereby lightened from that for attaining said target
temperature before the correction.
4. An air conditioner substantially as herein described with reference to

24, ¢ conpressor 26, nuffler 38, four-way val ve 36, c')utdc%'[s

the accompanying drawingé.

20 5. A method of controlling an air conditioner, said method comprising
the steps of operating the air conditioner after initial energization thereof until the room
temperature substantially reaches a predetermined target temperature; changing said
target temperature to cause same to rise and fall periodically; and shifting the average
value of the target temperature after the change thereto has been made in such a

26  direction that the air conditioning load of the air conditioner is lessened relative to that
load which would be required to attain the target temperature before its change.

6. A method of operating an air conditioner, said method being
substantially as herein described with reference to the accompanying drawings.

Ay i |
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exchanger 28, the tenperature of the outdoor heat exchar'rgssh

and thereby formation of -frost therein is de difficult.

SHEET 13 Referring now to FIG 4through% 8, an air-c

control routine executed by the m'crocoaﬁuter 72C in the |n oor unit of the
present enbodi nent will be descri bess routine shown in the
flowchart of FIG 4 :

te.n‘perature di scharged fromthe conpressor 26 flows into the out door eg& ]}

ABSTRACT -

5 An air conditioner (10, 12) aiming at reduction of energy consumption without
impairing comfort is disclosed. The air conditioner has a room temperature detection
means (80A) for detecting the room temperature of an air-conditioned room,
temperature sefting means (72C) for setting a target temperature, air conditioning
means (10, 12) for performing air conditioning operation to bring the room temperature

10 detected by the room temperature detection means (80A) toward the target temperature,
and a target temperature changing means (76). The target temperature is corrected to
rise and fall periodically in accordance with a predetermined rule after the room
temperature has substantially reached the target temperature through air conditioning
operation of the air conditioning means (10, 12). Thereafter the average value of the

16 target temperature shifts -after the start of the correction in such a direction that the air
conditioning load of the air condltxomng means is thereby hghtened from that for
attammg the target temperature before the correction.

Figs. 2 and 3. | i
20
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starts when a renpte controller, not shown, or a swtch laced
provided in the air conditioner has |ssued |nstruct|ons t
-operation. In step 200, pieces of set g information suc

operational node, target tenperature, nd direction of the fan, a|r
quantity of the fan, and so on are received. In a ROM not shomn _
I ncorporated in the mcroconputer 72C, there is stored default setting

i nformati on in advance, and when sone item of setting information has not
been changed with the renote controller or the like, the default setting
information for that itemis adopted. In following step 202, it is

det er m ned whet her the operational n'ﬂ he setting information is that
for automatic iGli1
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operation. Wen the result of the determnation is positive, sten placed
follows, and when it is negative, namely, when the operaft ¢ '
anot her node such as the cooling, heating, or drying mjdeg ﬂ\‘ﬁ“\
follows. In step 224, the operation i ¢/Berformed in the p

operational node in accordance with the setting information. Since details
of such operation are |ike those of conventional arts and are not directly
associated with the present invention, description of the sane will be
omtted here. The operation in step 22F' :z)i nued unless it is decided
in the follow ng step 226 that the set |IGC rmati on has been changed by
the renote controller or the |ike during the operation. Wen
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procedure from above step 200 are executed again.
the setting of the operational

node i

for automatic op

en,

On tHes

i

14 the result of the determination in step 226 is positive, the st - f
, en
in step 204,

the decision in step 202 is positive,

tenperature Ta received in step 200 is conpared with the roomtenperature

~ Tt. When the target tenperature Ta is higher than the roomtenperature Tt,
- nanmely, when the person in the roomdesires to heat the room then, the
. decision in step 204 is positive and step 208 follows and
- | o
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therein the subroutine for heating control shown in FIG I'S e E%klmxd
However, when the target tenperature Ta is |ower than theﬂr

Tt, nanely, when the person:in the H%?Qde5|res to cool th

decision in step 204 is negative and ep 206 foll ows and

subroutine for cooling control shown in FIG 6 is executed. Now, the
subroutine for heating control shown in FIG 5 will be described using a
graph shown in FIG 7, which shows an exanpl e of changes in the room
tenperature during heating control operation. In step 300, the operating
frequency of the conpressor is set through fuzzy cal cul ati on based on [err]
and [err] (variation froma preceding value of [err]. The setting of the

FIG.4

200~| ' RCPT OF SETINF
(RECEIPT OF SETTING INF)

202
. "AUTO OPN"
MODE ?
("AUTO OPERATION"
MODE?)

OPERATIONAL MODE...)

226 |
NO

206
‘/n

COOLING HEATING
CONTROL CONTROL YES




frequency nmade here will be described bel ow. The ”‘Cr?ﬁ9§B&§ﬁ§&%§§paam ﬂe
I ndoor unit 10 nakes fuzzy cal cul ati on based on the te remice
bet ween the target tenperature and ths oomtemeratur%Eﬂm%H'HﬁEtl

of the tenperature difference and the obtalns t he e
operating capacity (frequency) of the conpressor 26!and, then, transni¥ts

t he 15 variation of the operating capacity to the m croconputer 102F in
t he outdoor unit 12 over the interface circuit and signal line. The

FIG.5
C HEATING comnm.)

SET FREQ THRU FUZzZY
300 CALCN BASED ON
|Ta-Tt|, A|Ta-Tt|

HTG OPN AT SET FEQ
- 30— (HEATING OPERATION)
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PRESET VAL 306
? (
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308

RETURN

NO
MEAS TIME
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324

NO To=Ta-1 +-312

e YES TURN ON FEELING- _—314
o MM OF-WARMTH WAVE
l

328-— Ta= To+Th(M) RESET TMR — 316

330--1 RESET TMR é)




m cr oconput er

102F in the outdoor
26 with AC power at a new frequency obtalned by addlngT
of the frequency to the frequency of the AC power which
supplied to the conpressor 26. By |ncﬁé§3|ng or decreasi

unit 12, in turn, supplies the conpressor

Hﬁimabbv ey Beplagddi O

A -

the AC power supplied to the conpressor 26 on the basis of the target

tenperature and room t enperature,

the operating capacity (frequency of AC

power) of the conpressor 26 necessary for attaining the target tenperature

can be obtained and the operation of the co
operating capacity. Wen the target t
t he varla

- above operating conditions,

essor 26 is nmaintained at the
e has been changed under the
he operating capacity of the

66

- conpressor 26 is cal cul ated anew by the

SET FEQ THRU FUZZY
o~ | “CHEAEREE
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m croconputer 72C and, thus, the operating capacity (freﬂ& EY MasBR ‘9:“
for attaining the target tenperature (air conditioning .10 . n,
in step 301, a heating operation is perforned at the fr'eqi &“!&j\\u _
descri bed above. Through the heating aﬁération, the roomt ure rises
during the period fromtine O to timet shown in FIG 7. In follow ng step
302, it is determned whether a flag i's turned on indicating that a
feeling-of-warnth wave, i.e., control to periodically change the room

tenperature by correcting the target tenperature to rise and fal
periodically in the tenperature control according to the invention, is

execut ed.
&)
[+]
0
o

5°C

. |

0
TIME

FIG.7

ROOM TEMP |



When the decision in step 302 is positive, step 318 | mﬁshatl{as\menmplhcemhen
It Is negative, step 304 follows. Since the flag i's not I rst,
step 304 follows, and therein it is d% ﬁrm ned vvhether t at ure
Tt has becone equal to or higher than Y Fe target tenpera ure - .
Since the roomtenperature Tt, immediately after the start of the
feeling-of-warnth wave (tine O ~ tine [err] in FIG 7), does not becone
equal to or higher than the target tenperature Ta - 1

TIME

FIG.8
L
1

|

Aot———
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['err], the decision in 304 is~pe ve. Then, step § ot '
a timer, not shown, controllzrg\b&?ﬁ’l oconput er ﬁﬁfh@ﬁ“@ﬁ'\%@"ﬁﬁﬁ

Incidentally, the timer is off in the dgfpult state tpathLﬂﬂgﬁv
procedure returns to step 300 and the st€ps of procpdt#@ ™ are-execut-ed [agai n
fromthis step. On the other hand, when #he point of Tinme [err] rIn
has been reached or exceeded and the roomtenperature Tt has becone equal
to or higher than the target tenperature Ta - [err] , t he deci-sion in step
304 becones positive and step 308 follows. In step 308, the timer is on
(started) and tine neasurenent is made. If the tiner has al ready been

turned on, the tiner is not reset but only the tinme neasurenent is nade.
TITLE OF THE INVENTION :

AIR CONDITIONER

ein

BACKGROUND OF THE INVENTION

The present invention relates to an air conditioner and,
- - more particularly, to an air conditioner controlling the room temperature
on the basis of a set temperature.

There have been known air cbnditioners having a pair of
heat exchangers each of which is provided outdoors and indoors for
performing a process of heat exchange using refrigerant, a compressor
for compressing the refrigerant, a four-way valve for changing the
direction in which the refrigerant flows, a capillary tube, and so on, and
performing air conditioning in various opérational modes such as heating,
cooling, and dehumidifying modes by changing the direction of the
four-way valve or the like.

Such an air conditioner is provided with a temperature
sensor for detecting the room temperature and it, in cooling or heating,
achieves the effect of air conditioning generally by bringing the room
temperature to agree with a preset target temperature. Recently, such a
type of air conditioner, so-called inverter type air conditioner, has also
become popular, in which the operating frequency of the compressor is
made changeable by an inverter such that the operating frequency,
hen;ie the operating capacity, of the compressor is changed according to
the change in the aif conditioning load and, thereby, the room

temperature is accurately controlled with respect to the set terﬁperature, .
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In following step 310, it is deternined whether the ¢ et GEMENToSERY L0

m nutes or nore as the result of the tine neasureng tDai n_Dsae 3 Si fice
the roomtenperature Tt between the points of tine _and- -le«F-r. L...LNJ[FI G
7 is higher than the target tenperature Ta - [err] , the deci :
304 becones positive and step 308 foll ows. However, since the period of
time of 10 mnutes has not yet been passed since the tinmer has been turned
on in step 308, the 17  However, it is known as a characteristic of the sense of
human being that when a person is placed in constant environmental
conditions (constant air temperature, humidity, air draft, etc.) for a long
time, he or she becomes used to the environment and, as a result, the
person, even if he felt comfortable at the beginning of his being placed in
the environment, gradually comes to feel less comfortable.
Consequently, even after the room temperature has reached the ievel of
the preset target temperature through the operation of the air conditioner,
he who has stayed in the room over a certain length of time and, hence,
become used to the environmental conditions, may change the target
temperature to have more comfortable feeling. As a result, there has

frequently been made wasteful consumption of energy.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an air conditioner capable of reducing energy consumption
without lessening the comfortable feeling of the person in the room.

In order to attain the above object, an air conditioner set
forth in claim 1 is characterized by that it comprises room temperature
detection means for detecting the room temperature of an air-conditioned
room; temperature setting means for setting a target temperature, air
conditioning means for performing air conditioning operation to bring the
room temperature detected by the room temperature detection means
toward the target temperature, and target temperature changing means,
in which the target temperature changing means corrects the target
temperature to rise and fall periodically in accordance with a

predetermined rule after the room temperature has substantiaily reached.
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decision in step 310 becones negative. Hence, the flow hE cegure Tet
to step 300 and the steps of procedure are executed ag P{'gﬁﬁ‘ﬁﬁ"gjﬁg
When the point of time t 2 has been reached, the tinmer CBL{I’?]'[ ﬂaﬁchH
m nutes. Therefore, the decision in step 3310 becones | ye-and-step- 312
follows, and therein Ta - [err] is set as the target tenperature for the
first time [err] . Ln follow ng ste I nf.ormati on of the operatjn

condi tion indicati n@ettﬁ@qié%ﬁp aRgret ea'f E@W‘H@U'Bg OReration ofdhe aings "E'ﬁ'

be described | ater |n det ai | s ,Started, n |.i ng- of - war ve
is turned on, is sef Pﬁ%#’@hﬁﬁéeﬁvgbag?lg ‘%/f éﬂ@ Q?i tﬁ@% [ﬁtﬁ"rﬁg g‘[ ﬂlel e
el apsed after the Stgnr'etctl% IInhguéheel 'dﬂ' ctlon Yﬁatnghe ar con lo%%sée}oa% of tr%eh %Tf

conditioning means is thereby lightened from that for attaining the target
temperature before correction.

An air conditioner set forth in claim 2 is characterized, in
the air conditioner set forth in claim 1, by that the target temperature
changing means starts the correction of the target temperature when the
period of time during which the room temperature stays within a
predetermined temperature range including' the target temperature is
about to exceed a predetermined length of time.

An air conditioner set forth in claim 3 is characterized by
that it comprises room temperature detection means for detecting the
room temperature of an air-conditioned room, temperature setting means
for setting a target température, air conditidning means for performing air
conditioning' operation to bring the room temperature detected by the
room temperature detection means toward the target temperature, and
target temperature changing means, in which the target temperature
changing means corrects ihe target temperature to rise and fall
periodically in accordance with 1/ fluctuation when a predetermined
length of time has elapsed after the room temperature reached or
substantially reached the target temperature and shifts the average value
of the target temperature after the start of the correction in the direction
such thgt the air condiﬁoning load of fhe air conditioning means is
lightened from that for'. attaining the target temperature before the
correction.

According to the air conditioner of the invention, the air
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the flow of procedure returns to step 300 and the stepsSREFLAOBMENIUSIGEET 9
executed again fromthis step. After steps 300 and 30} hav
again, positive decision is made, i.e., it is decided|tDue
feeling-of-warnth wave is turned on, in stgp 302, and
step 318, it is determ ned whether the operating frequency of the
conpressor is over a predeterm ned frequency, and in followng step 320, it
i s detern ned whet loanditibaingetmeans i pedomas | air  reomditieainge hsong it bthé heoom
renote controller or the like. If the decision in any of steps 318 and 320
is positive, the sudempetature detectedniyntitectbonmdemperature detettion means muayt bee.
When the decision in each of step 318 and step 320 is

brought toward the target temperature set by the temperature setting

means.

After the room temperature has been brought
substantially to the target temperature through the air conditioning
operation made by the air conditioning means as described above, the
target temperature changing means corrects the target temperature to
rise and fall periodically in accordance with a predetermined rule and
shifts the average value of the target temperature after the start of the
correction in such a direction that the air conditioning load of the air
conditioning means is thereby lightened from that for attainfng the target
temperature before the correction.

Thus, the target temperature is corrected to rise and fall
periodically in accordance with the predetermined rule and the average
value of the target temperature after the correction is shifted in such a
direction that the air cond'itioning load of the air conditioning means is
thereby Iighten_ed from that for attaining the target temperature before the
correction and, thus, energy consumed by the air conditioning means
can be reduced.

While the air conditioner according to the invention can
be any of an air conditioner equipped with both cooling and heating
functions, an air conditioner equipped with only cooling function, and an
air conditioner equipped with only heating function, the above "shifting in
such a direction that the -air conditioning load of the air conditioning
means is thereby lightened from that for attaining the target temperature

before the correction" means shifting the target temperati.xre toward .
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negati ve,

step 316,

started in step 314, i s neasured t i
AT SR ot it ot 50 T FePicrae Serdd BidToARdoh ' P

step 322 follows and therein the tine is i ]
In follow ng step 324, it is determ ned whet her the ﬁEkéﬁmgﬂT%Eﬁ.

than one mnute as the result of the tinme nmeasurens
step 322. At first, the time elapsed after the ti

as count ed nor e

the time el apsed after the feeling-of- warnth wave has been

the case of cooling operation and shifting the target temperature toward
lower t'emperéture than the target temperature before the correction in
the case of heating operation.

With the target temperature corrected in the described
manner, the room temperature varies up and down periodically in
accordance with a predetermined rule and the average value of the room
temperature takes on a value shifted in such a direction that the load of
the air conditioning means is thereby lightened from that for attaining the
target temperatufe before the correction.

Since the room temperature periodically varies up and
down in the described manner, the person in the room hardly feels that
the environmental conditions inside the room are constant and, hence,
his or her comfortable feeling is prevented from becoming gradually
lessened by becoming used to the environmental conditions.

Therefore, it hardly occurs that the person in the room,
from a desire to have more comfortable feeling, for example, changes
the target temperature to the side increasing the load of the air
conditioning means from that for attaining the originally set target
temperature (to lower the temperature from the originally set temperature
in the cooling or to raise the temperature from the originally set
temperature in the heating) and, hence, consumed energy can be
prevented from increasing. Thus, energy consumption can be saved
without impairing the comfortable feeling.

The target temperature changing means starts the

correction of the target temperature when the period of time during which

the room temperature is within a predetermined temperature range from



When one m nute has not el apsed, negative deci sion
the flow of procedure returns to step 300 and the §
executed again fromthis step. Wien one mnute has
decision is made and step 326 foll ows. Iglstep 324
calculating the fluctuation anmount, described |ater, Is TnCreased

B4 B! ve

increnents of 1. The variable Mis initialized at first to the initial

value 0 and it

val ue becones 121, the value is set to 1 by an interrupt routine, not

shown. Accordi ngltyme.t he variable M of which the initial value is O,

repeatedly takes up integers 1 ~ 120. In follow nﬂ step 328, a new target
u

tenperature Ta is set Through such practice, the

man sense, in the period
before the room temperature becomes stabilized around the target
temperature, is not yet used to the environmental conditions in the room,
and hence comfo&able feeling can be provided by bringing the room
temperature to the vicinity of the desired temperature (target
temperature). But when the room temperature has been within a
predetermined temperature range from the target temperature over a
predetermined period of time, i.e., when the room temperature has
become sfabilized around the target temperature, the target temperature
changing means shifts the average value of the target temperature in
such a direction that the air conditioning load of the air conditioning
means is lightened from that for attain_ing the target temperature before
the correction and the air conditioning means performs the air
conditioning operation to bring the room temperature toward the target
temperature. Accoi'dingly, the sense of the person in the room is
prevented from becoming used to the envin_'-onmental conditions in the
room so that his or her comfortable feeling is not lessened but can be
maintained. |

Therefore, fine room temperature control maintaining the
comfortable feeling according to changes in the sense of the person in
the room can be realized. |

Further, according to the air conditioner of the invention,
the air conditioning means performs air conditioning so that the room

temperature detected by the room temperature detection means may be

i sheé rtergeh stechpenatiuree ie rabout tof exiceed & hpredsteemiredd peridrk roft he

brought toward the target temperature set by the temperature sefting -
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in accordance with the follow ng expressions (1) and »
in expression (1) is the above des rnMd&A@mSHEET
enper @er tihan
the target tenperature Ta set at the beginping by [e r[}ate f{u{@ e i'n
expression (2) represents a previously stofed variab

tenperature [err]
tenperature [err]

set for the first tine, i.e., the

the variable Kis set so as to vary within the range between the nmaxi num
val ue +1.0 and t hemeansi num

After a predetermined period of time has elapsed since
the room temperature reached the target temperature or substantially
réached the target temperature through the air conditioning operation
made by the air conditioning means as described above, the target
temperature changing means corrects the target temperature to rise and
fall periodically in accordance with 1/f fluctuation and shifts the average
value of the target temperature after the start of the correction in such a
direction that the air conditioning load of the air conditioning means is
thereby lightened from that for attaining the térget temperature before the
correction.

Thus, the target temperature is corrected to rise and fall
periodically in acéordance with the 1/f fluctuation and the average value
of the target temperature after the correction is shifted in such a direction
that the air conditioning load of the éir conditioning means is thereby
lightened from that for attaining the target temperature before the
correction.

Incidentally, the 1/ fluctuation is for example related with
the number of human pulses and it is said to provide speciel comfortable
feeling to human being.

Since the room temperature periodically veries up and
down in accordance with the 1/ fluctuation, the berscn N the room
hardly feels that the environmental conditions in the room are constant
and, hence, the comfortable feeling is prevented fTom becoming
gradually lessened but the person in the room can be given special

comfortable feeling.

Therefore, it becomes unnecessary for the persen in the



g H

value -1.0 at
val ue of [err]

intervals of one mnute as shown in FI Eﬁts E[FE
shown in FIG 8 is read and a new t ar gget terrpera é’

set. Then, in followi ng step 330, the tinmer is reset gage_g_gﬁlr.ﬂlll 896t i nf

el apsed after the setting of the new target tenperat uk THER " Fe-f
of procedure returns to step 300 and steps of procedure are execut ed again

fromthis step. For the second tine and forward after the setting

S

ow

f eel i ng- of - war t HORR &onp @ Hesite: tedevei mRrecPMigitatie deeling, Joe gxaplears

negati ve decision made in each of steps 318 and 320,
where the settinfheRgethetargst tgnﬁﬂéﬁ{i@dodﬁpl fige t"Ffife%iiBQ dbe

controller or the like or the case where the operat

conditioning means from that for att lnlng théJ originally set target
temperature (to lower the temperature from the originally set temperature
in the cooling or to raise the temperature from the originally set
temperature in the heating) to invite an increase in consumed energy.I

Thus, energy consumption can be saved without impairing the

comfortable feeling.

BRIEF DESCRIPTION OF THE DRAWlNGS.

FIG. 1 is a refrigerant circuit diagram of an air conditioner
according to an embodiment of the invention;

FIG. 2 is an electric circuit diagram of the indoor unit of
the air conditioner;

FIG. 3 is an electric ciri:uit diagram of the outdoor unit of
the air conditioner;

FIG. 4 is a flowchart showing a control routine;

'FIG. 5 is a flowchart showing a subroutine for heating
control;

FIG. 6 is a flowchart showing a subroutine for cooling
control;

FIG. 7 is a chart showing variatio_ns of the room
temperature; and

FIG. 8 is a chart showing variations of a constant used

for calculating the target temperature providing temperature fluctuations.

~ DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

of the

except for the case

¢ dead pf theealrenot e
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frequency of the conpressor becones over the predeter
when the |oad on the air conditioner is increased), ang
will be repeatedly executed until one mnute el apses
reset in step 330 as descri bed above. Wen,one m nute
decision is nmade in step 324 and, in the f3IIOW| ng step
value of the variable K for the one mnute period next to that for-
the variable K was read on tf@ Emﬁtﬂ"@toﬁfczSB?dﬁve”t'Oé‘ will (ke \desgrabest “P( 2 in

FIG 8, is read and, then, a new target tenperatur i S based qQn this
- val ue accordi ng ﬂ?tQ'hé’“HbEﬁf@reé‘ﬁBr@sg‘%rﬂc"?ﬁn’rf)’a&wﬂg( E‘Sawmgﬁth iI§) NUREAG st ep

330, the tinmer is reset again. r epeat edl exe ti 2
320, 322, values not affecting t e ln\eentEon afe Used in the foﬁovl}1 ing é)escrlpt?on 318,

the invention is not limited by any of such numeric values.

The air conditioner according to the embodiment has, as
shown in. FIG. 1, an indoor unit 10 and an outdoor unit 12 and, further,
has a refrigerant circulating path for circulating the refrigerant through the
indoor unit 10 and the outdoor unit 12.

"The indoor unit 10 is provided with an indoor heat
exchanger 16. In the vicinity of the indoor heat exchanger 16, there is
provided a fan 17 driven by a fan motor 70E, described later. The fan
17 makes a draft through the indoor heat exchanger 16.

The indoor heat exchanger 16 is connected with a valve
20 of the outdoor unit 12 by a i'efrigerant pipe 18 formed of a thick pipe.

Further, the valve 20 is connected with a four-way valve 36 by a muffler
22. The four-way valve 36 is joined to the outdoor heat exchanger 28
through an accumulator 24, a compressor 26, a muffler 38, and the
four-way valve 36.

The outdoor heat exchanger 28 is joined to a valve 32
through a capillary tube 30 and a strainer 42 and also joined to the
junction point between the muffler 38 and the four-way valve 36 through
an electromagnetic valve 40. By having the valve 32 connected with
the indoor heat exchanger 16 by a refrigerant pipe 34 formed of a thin
pipe, a .closed refrigerant circulating path, i.e., a refrigerating cycle, is
formed.

:In the ‘vicinity of the outdoor heat exchanger 28, there is

provided a fan 28 driven by a fan motor 112A. The fan 29 makes a |



324, 326, 328, and 330 as described above, room tenper itz
the tenperatures 0.5 [err] above and bel ow t he tenper [ 118
target tenperature Ta at the beginning by 1 [err] tak _ uppgr
and lower limts of the maxi mumw dth of _fl uctuati on, (&as_apf
expressions (1) and (2), i.e., the feel i?'n%-of-warmh wave, |

Thus, the roomtenperature varies wth the tenperatures [err] aboe nd
bel ow t he t enper &raft &rough the putdoer hpat exehangen?s. -

FIG. 2 is a diagram showing an electric circuit of the

=G

indoor unit 10. The electric circuit has a power board 70 and a control
board 72. On the power board 70, there are provided a drive circuit
70A to which a fan motor 70E (DC brushless motor) for controlling the
draft sent into the room is connected, a motor power circuit 70B for
generating power for driving the motor, a control-circuit power circuit 70C
for generating power for a control circuit, and a serial-circuit power circuit
70D for generating power for serial circuits.

Accordingly, the number of .revolutions of the fan motor
70E, hence the draft air quantity of the fan apparatus, can be controlied
at will by changing the DC voltage supplied to the drive circuit 70A from
the motor_ power circuit 70B by microcomputer. In this embodiment, the
voltage is controlled to have for example 256 steps within the range
between 12 V and 36 V. |

On the control board 72, there are provided a serial
circuit 72A connected to the serial-circuit power circuit 70D, a drive circuit
72B for driving the motor, and a microcomputer 72C as a control circuit.

The drive circuit 72B is connected with a step motor for up and down
flap 74A for moving the flaps up and down, step motors for left and right
flaps 74B and 74C, and a floor-sensor step motor for fioor sensor 74D
for turning the direction of the floor sensor for detecting the temperature
on the floor surface. Angles of these step motors are controlled by
signals supplied from the microcomputer 72C.

The micrbcomputer 72C is connected with a displaying
LED _for displaying operational modes and the like and a receiving circuit

for receiving control signals from a remoter controller provided on a .
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the target tenperature Ta at the beginning, taken ag] gEp M@é}@ LOWgr
limts of the maxi mumw dth of fluctuation as shownjin FIG IEN?%QEE
why the tenperature [err] lower than the target te

the center of the varying width is becaugge it i s knoaa=tron

lepab U

data that the confortable feeling of human being is kept, even when t

average roomte
(target tenpera
obt ai ned at the
fluctuations to
t er m nat ed when
controller, not
condi ti oner.
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room temperature sensor 80A and a heat exchanger temperature sensor
80B for detecting the temperature of the indoor heat exchanger 16 and,
further, it is connected with a self-diagnostic LED, an operation
changeover switch for switching the operational mode between normal

operation and test operation, and a self-diagnostic switch provided on a

| switch board 82.

FIG. 3 is a diagram showihg an electric circuit of the

outdoor unit 12. The electric circuit has a rectifying circuit 100 and a

control board 102. The electric circuit of the outdoor unit 12 is joined

with the electric circuit of the indoor unit 10 of FIG. 2 through a plurality
of terminals indicated by @ ~ @ . |

On the control board i02,' there are provided a serial
circuit 102A connected to the serial-circuit power circuit 70D of the indoor
unit 10, noise filters 102B, 102C, and 102D for eliminating noises, a
switching powér circuit 102E for generating power for switching an
inverter 104, and a microcomputer 102F as the control circuit. The
microcomputer 102F controls the frequency (18 Hz - 150 Hz) of AC
power supplied to the compressor and operations of various units in
accordance with control signals transmitted from the m.icrocomputer 72C
of the indoor unit 10 through the serial circuit 72A in the indoor unit 10
and the serial circuit 102A.

The switching power circuit 102E is connected to the
inverter 104 and the inverter 104 is connected to a compressor 106 for

compressing the refrigerant.



Now, a cooling control subroutine shown in FIG 6 w flgmm%\;%ﬁ]
0

step 350, the sane as in above step 300, the operatifg frequency
conpressor is set through fuzzy cal cul ati on based on [Iﬂté]ﬂ.ﬁ\!.%l.ﬁﬂgan,_
0

a preceding [err]. In follow ng step 351, coolin_g'J

=
6
f

rom

nmed

at the frequency set in step 350. In followmng step 352, it is determ ned
whether a flag is turned on indicating that a feeling-of-cool ness wave,

i.e., the control executed i & MICEOMPWErcHPRIT ds coppeetedpwitaian outsidee

above descri bed

air temperature thermistor 110A as an outside air temperature sensor for
detecting the outside air temperature, a coil temperature thermistor 110B
for detecting the temperature of the outdoor heat exchanger 28, and a
compressor temperature thermistor 110C for detecting the temperature of
the compressor. To the outdoor unit 12 are connected the four-way
valve 36 and the electromagnetic valve 40. Reference numeral 112A
denotes a fan motor and 112B denotes a fan-motor capacitor.

According to this air conditidner, when the four-way valve
36 is switched, with the electromagnetic valvé 40 turned off (closed), so
that the refrigerant circulates through the indoor heat exchanger 16,
refrigerant pipe 18, valve 20, muffler 22, four-way valve 36, accumulator
24, compressor 26, muffler 38, four-way valve 36, outdoor heat
exchanger 28, capillary tube 30, strainer 42, valve 32, refrigerant pipe 34,

and the indoor heat exchanger 16 in thé order named, the refrigerant is

evaporated in the indoor heat exchanger 16 and the refrigerant is

condensed in the outdoor heat exchanger 28 and, hence, cooling of the
space inside the room can be achieved. When the refrigerant is
circulated in the direction opposite to the above, the refrigerant is
condensed in the indoor heat exchanger 16 and the refrigerant is
evaporated in the outdoor heat exchanger 28 and, hence, heating of the
space inside the room can be achieved. _

Further, by opening the electromagnetic valve 40 during
the heating operation so that a .portion of the refrigerant at high
temperature dischargéd from the compressor 26 flows into the outdoor

heat exchanger 28, the temperature of the outdoor heat exchanger 28 is

‘raised and thereby formation of frost therein is made difficult.



i r

21 feeling-of-warnmth wave in the heating control (th¢ BERPEAEMENRT SBHERDE

roomtenperature periodically by correcting the targgt tenperature to r
periodically), is executed. Wen the deci si ,on%ﬁﬂsﬁ-eﬂﬂlz - Se

step 368 follows, and when it is _pegative, Step 354 foOfTons.

and fall

positive,

t he
se

Since the flag is not turned on at first, Hep 354 follows, and therein it
I s determ ned whether the roomtenperature Tt has becone equal to or | ower
than the target tenperature Referfinghemow heode€iGi o ithrasigbp BE3L i 8, an

negati ve,

f1 ow of procedur eir-conditioning control routine executed by the microcomputer 72C in the

indoor unit of the present embodiment will be described.

The control routine shown in the flowchart of FIG. 4
starts when a remote controller, not shown, or a switch, not shown,
provided in the air conditioner has issued instructions to start the
operation.

in step 200, pieces of sefting information such as the
operational mode, target temperature, wind direction of the fan, air
quantity of the fan, and so on are receivéd. In a ROM, not shown,
incorporated in the microcomputer 72C, there is stored default setting
information in advance, and when some item of setting information has
not been changed with the remote controller or the like, the default
setting information for that item is adopted.

~In following step 202, it is determined whether the
operational mode in. the setting information is that for automatic
operation. Whnen the result of the determination is positive, step 204

follows, and when it is negative, namely, when the operational mode is

another mode such as the cooling, heating, or drying mode, step 224 '

follows.
In step 224, the operation is performed in the pertinent

operational mode in accordance with the setting information.  Since

‘details of such operation are like those of conventional arts and are not

directly associated with the present invention, description of the same will
be omitted here. The operation in step 224 is continued unless it is

decided in the following step 226 that the setting information has been

changed by the remote controller or the like during the Operation. When .

step 356 follows and therein the tinmer is turned off. Then, the
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returns to step 350 and the steps of procedure are

step. Wien the decision in step 354 is positive, stFEgFMFEB\%'EETI

358, the timer

measur ement

is turned on (started) and tine neasyu

tirrér has al ready been turned on, the tinmer is not i%g¢ %Utlﬁlome{gl

I s made. Inthefollowing st 4360 It is determned wn

the tinmer has counted nore than 10 mnutes as the result of the tinme
measur ement in sthepr&aft ofWtbe déterndipetion dn steps220 is6positiveretifet steps ohe
flow of procedure returns to step 350 and the steps of procedure are
execut ed agai n f pmceduiesfremeghove step 200 are executed again.

On the other hand, when the setting of the operational
mode is for automatic operation and, hence, the decision in step 202 is
positive, then, in step 204, the target temperature Ta received in step
200 is compared with the room temperature Tt

When the target temperature Ta is higher than the room
temperature Tt, namely, when the person in the room desires to heat the
room, then, the decision in step 204 is positive and step 208 follows and
therein the subroutine for heating control shown in FIG. 5 is executed.
However, when the target temperature Ta is lower than the room
temperature Tt, namely, when the person in the room desires to cool the
room, then, the decision in step 204 is negative and step 206 follows and
therein the subroutine for cooling control shown in FIG. 6 is executed.

Now, the subrodtine for heating control shown in FIG. 5
will be described using a graph shown in FIG. 7, which shows an
example of changes in the room temperature during heating control
operation.

In step 300, the operating frequency of the compressor is
set through fuzzy calculation based on [Ta - Tt and A [Ta - T
(variation from a preceding value of [Ta - Tt). The setting of the
frequency made here will be described below.

The microcomputer 72C of the indoor unit 10 makes
fuzzy calculation based on the temperature difference between the target
temperature and the rdom temperature and the variation of the
temperature difference and thereby obtains the variation of the operating

capacity (frequency) of the compressor 26 and, thén, transmits the

mthis

step
f the
tinme



started,

When the decision in step 360 is positive, step 362 BEPbmeEmanTg
[err] is set as the target tenperature for the firstftinme [err]

fol lowing step 364, information of the operating coid? )
- feel i ng-of - cool ness wave, which will be described | ate Tt
nanely the feeling-of-cool ness e is turned on, is 22 set.

———

SHEET

In

the follow ng step 366, the tinmer for neasuring the tinme el apsed after the
start of the feelvarigtion-afotienepsratingecapaaitystet thenanictacemputere 102/\in dthe
procedure returns to step 350 and the steps of procedure are

outdoor unit 12 over the interface circuit and signal line. The
microcomputer 102F in the outdoor unit 12, in tum, supplies the
compressor 26 with AC power at a new frequency obtained by adding
the above variation of the frequency to the frequency of the AC power
which is currently supplied_ to the compressor 26.

By increasing or decreasing the frequency of the AC
power suppiied to the compressor 26 on the basis of the target
temperature and room temperature, the operating capacity (frequency of
AC power) of the compressor 26 necesséry for attaining the target
temperature can be obtained and the operation of the compressor 26 is
maintained at the operating capacity. When the target temperature has
been changed under the above operating conditions, the variation of the
operating capacity of the compressor 26 is calculated anew by the
microcomputer 72C and, thus, the. operating capacity (frequency)
necessary for attaining the target temperature (air conditioning load) is
set. |

Then, in step 301, a heating operation is performed at
the frequency set as described above. Through the heating operation,
the room temperature rises during the period from time O to time t 1
shown in FIG. 7.

In following step 302, it is détermined_ whether a flag is
turned on indicating that a feeling-of-warmth wave, i.e., control to
periodically change the room temperature by correcting the target
temperature to rise and-fall periodically in the temperature control

according to the invention, is executed.

When the decision in step 302 is positivé, step 318 .
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executed again fromthis step. After steps 350 and leﬂﬁﬁl\!@cm ggqgg-rlt' d

again, positive decision will be made in step 352, ijJle., 1t wll d d
therein that the feeling-of-coolness wave is turned gnpaand 4t Hﬁhjgg ]
follows. In step 368, it is determined, the same as i op-218 ~wheth
the operating frequency of the conpressor %6 over a-predet erm ned
frequency, and in followng step 370, it is determned, the sane as in step
320, whet her the foiiows, hut wilearitist negative, step@@ddoligws.he renote-control l er or
~the like. If the decision in any of steps 368 and 370 is positive, the

- subroutine is termnated andSirmeuthesflagist het aned ooatifirst, stereB04 Hellavessi si on
. in each of step 368 and step 370 is negative, step 372 follows and therein

the time i s meastlaned thereimdt ti$ ndetermined whether the room temperature Tt has

368

become equal to or higher than the target temperature Ta -1 °C .

Since the room temperature Tt, immediately after the
start of the feeling-of-warmth wave (tme 0 ~ time t « in FIG. 7),
does not become equal to or higher than the target temperature Ta - 1
°C , the decision in 304 is negative. Then, step 306 follows and therein
a timer, not shown, controlled by the microcomputer 72C is turned off.
Incidentally, the timer is off in the default state. Then the flow of
procedure returns to step 300 and the steps of procedure are executed
again from this step.

On the other hand, when the point of time t + in FIG. 7
has been reached or exceeded and the room temperature Tt has
become equal to or higher than the target temperature Ta - 1 °C , the
decision in step 304 becomes positive and step 308 follows. In step
308, the timer is on (started) and time measurement is made. [f the
timer has already been turned on, the timer is not reset but only the time
measurement is made. .

in following step 310, it is determined whether the timer_
has counted 10 minutes or more as the result of the time measurement
in step 308.

Since the room temperature Tt between the points of
timet 1. andt 2 in FIG. 7 is higher than the target temperature
Ta - 1 °C , the decision ‘in step 304 becomes positive and step 308
follows. However, since the period of time of 10 minutes has not yet

been passed since the timer has been turned on in -stép 308, the -



3

2] . M._
In the following step 374, it is deternined whether |{ REPLABRf,e

nore than one mnute as the result of the tine neasyrenent on I n
step 372. When one ninute has not el apsed, negati ve fjdBsti§i §
step 374 and, then, the flow of procedure returns t 3 t eps

of procedure are executed again fromthis Elep. Wen one mnute
el apsed, positive decision is made in step 374, and, then, steps 376, 378,

and 380, sim | ar degisiireipsstégt31(PBB8coinss tive. t Rlenedothe fitse ©f igreckdueat i ng
control, are executed. Nanely, in step 376, the variable Mfor cal culating

the fluctuation &k td steprBORane dhé Btépscofeprbduref ard, exudtedagaihifromh ng
step 378, a new target tenperature Ta is set in accordance with the
fol | owi ng expr esghigted. 3)

When the point of time t = has been reached, the timer
count exceeds 10 minutes. Therefore, the decision in step 310
becomes positive and step 312 follows, and therein Ta -1 °C is set as
the target temperature for the first time T o .

In following step 314, information of the operating
condition indicating the fact that the feeling-of-warmth wave, which will be
described: later in detail, is started, namely the feeling-of-warmth wave is
turned on, is set. In following step 316, a timer for measuring the time
elapsed after the start of the feeling-of-warmth wave is reset and, then,
the flow of proceduré returns to step 300 and the steps of procedure are
executed again from this step.

After steps 300 and 301 have been executed again,
positive decision is made, i.e, it is decided that the feeling-of-warmth
wave is turned on, in step 302, and step 318 follows.

In step 318, it is determined whether the operating
frequency of the compressor is over a predetermined frequency, and in
following step 320, it is determined whether the setting information has
been changed by the remote controller or the like. If the decision in any
of steps 318 and 320 is positive, the subroutine is terminated and retuns
to the main routine.

When the decision in each of step 318 and step 320 is
negative, step 322 follows and therein the time is measured on the timer.

In following step 324, it is determined whether the timer has counted

more than one minute as the result of the time measurement on the -'
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described target tenperature [err] set for the fii tD[nE |ng%t
tenmperature higher than the target tenperature Ta $fle tle% hegi.aniing

23 and (4). [err] The tenperature [err] in expres@i&kmkh@ ve

[err]. In followng step 380, the tiner igtsreset
el apsed after the setting of the.new target tenperature Ta and,

timer in step 322.

At first, the time elapsed after the timer has been started
in step 316, i.e.,_ the time elapsed after the feeling-of-warmth wave has
been started in step 314, is measured in step 322 and it is determined in
step 324 whether the time elapsed is over one minute.

When one minute has not elapsed, negative decision is
made in step 324 and the flow of procedure returns to step 300 and the
steps of procedure are executed again from this step.

When one minute has elapsed, positive decision is made
and step 326 follows. In step 326, a variable M for calculating the
fluctuation amount, described later, is incréased in increments of 1.

The variable M is initialized at first to the initial value 0

and it is increased in increments of 1 in this step and, when the value .

becomes 121, the value is set to 1 by an interrupt routine, not shown.
Accordingly, the variable M, of which the initial value is 0, repeatedly
takes up integers 1 ~ 120.

In following step 328, a new target temperature Ta is set
in accordance with the following expressions (1) and (2).

Ta=T o +Tb(M) .. (1)

To(M)=05 X Kwu . (2)

The temperature T o in expression (1) is the above
described target temperature T o set for the firs_t time, ie., the
temperature lower than the target temperature Ta set at the beginning by
1°C .

_ Further, K « in expression (2) represents a previously
stored variable K and the value of the variable K is set so as to vary

within the range between the maximum value +1.0 and the minimum



then, the flow of procedure returns to step 350 a S

setting of the feeling-of-cool ness wave, positive:decision will be
step 352 and negative decision nmade in eg%h of stepaataqﬁl,a.,ljg{ 3986...ex

¢

for the case where the setting informati i s changed=de Hre—epEe

by the renote controller or the like or the case where the operatlng

e are
executed again fromthis step. For the second ti aEQLAQEMﬁndsaEEEﬂu

t he
de in
ept
ation

frequency of the valuprt@satrinteecaisrof one atintitecapsiemiat 81 FIG18] val ue (nanely,
when the load on the air conditioner is increased), and steps 372 and 374

Wi ||
reset

be repeatedly executed uAttfirkt, dhe valueudfeKe! agisaven irf FiG. 8 e réadrand s

in step 380 as described above. \Wen one mnute el apsed, positive

deci sion i s nade hew target temperature Ta is set.

Then, in following step 330, the timer is reset to measure
the time elapsed after the setting of the new target temperature Ta.

Then, the flow of procedure returns to step 300 and
steps of procedure are executed again from this step.

For the second time and forward after the setting of the
feeling-of-warmth wave, positive decision will be made in step 302 and
negative decision made in each of steps 318 and 320, except for the
case where the setting information is changed during the operation by
the remote controller or the like or the case where the operating
frequency of the compressor becomes over the predetermined .value
(namely, when the load on the air conditioner is increased), and steps
322 and 324 will be repeatedly executed until one minute elapses after
the timer was reset in step 330 as described above.

When one minute has elapsed, positive decision is made
in step 324 and, in the following steps 326 and 328, the value of the
variable K for the one minute period next to that for which the variable K
was read on the previous occasion, i.e., the value of K 2 in FIG. 8, is
read and, then, a new target temperature Ta is set based on this value
according to the above expressions (1) and (2). In the following step
330, the timer is reset again. |

By repeatedly executing steps 300, 302, 318, 320, 322,
324, 326, 328, and 330 as described above, room temperature control
with the temperatures 0.5 °C  above and below the temperature lower

than the target temperature Ta at the beginning by 1°C - taken as the -



4 ¥

step 374 and,

in the foll ow ng steps 376 and 378, tj =T e=afthe var
K for the one mnute period next to that for which: ﬁsplmmmp ' :
the previous occasion, i.e., the value of K 2 in F¥ 8, |s read’ and

a new target tenperature Ta is set based ,ﬁp(g this vél ea drcjjugg; 0

above expressions (3) and (4). In the fol

reset agal n.

wing step 38 Fe=tRel s
24 By repeatedly executing steps 350, 352 368, 370, 3

‘374, 376, 378, anppeBanddowes imitscd the snaximugymidts Rfdfluctyationc ai @rparent

from expressions (1) and (2), i.e., the feeling-of-warmth wave, is
executed.

Thus, the room temperature varies with the temperatures
0.5 °C above and below the temperature, which is 1 °C lower than
the target temperature Ta at the beginning, taken as the upper and lower
limits of the maximum width of fluctuation as shown in FIG. 7. The
reason why the temperature 1 °C  lower than the target temperature Ta
is taken as the center of the varying wndth is because it is known from

experimental data that the comfortable feellng of human being is kept

72,

even when the average room temperature is 1 °C lower than the

desired temperature (target temperature), virtually unchanged from the
comfortable feeling obtained at the desired temperature (target
temperature) by giving fluctuations to the temperature.

The heating control routine is forcedly terminated when
instructions to stop the operation are issued by a remote controller, not

shown, or a switch, not shown, provided in the air conditioner.

Now, a cooling control subroutine shown in FIG. 6 will be

described.

In step 350, the same as in above step 300, the
operating frequency of the compressor is set through fuzzy calculation
based on [Ta - Ttj and A [Ta - Tt| (variation from a preceding |Ta - Tt).

In following step 351, a cooling operation is performed at
the frequency set in step 350.

In following step 352, it is determined whether a flag is

turned on indicating that a feeling-of-coolness wave, i.e., the control

executed in the cooling control, corresponding to the above described .
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with the tenperatures 0.5 [err] above and bel ow t he teﬁpeREPMGEnl?Er@FQL;E
the target tenperature Ta at the beginning by 1 [err] tgken as the uppe
and lower limts of the maxi umw dth of fluctuation, as Ben@@gn\m[rm

. expressions (3) and (4) nentioned above, i,e., feeling-é€ ' S wave '
executed. Thus, the roomtenperature varies with the tenperatures 0.5 [err]
above and bel ow the tenperature, which is 1 [err] higher than the target
tenperature Ta atfeeling-ofeyprmihrvave ikthe beating: coptpalr(thengontirlde ahappedher the
maxi num wi dt h of fluctuation. The cooling control routine is forcedly
terninated when iraemrtepiessture peiedigalyHey epreectinddhe darget tarierraiye 4o lr'éﬁnte

controller, not shown, or a switch, not shown, provided on the air
condi ti oner. and fall perlodlcally) is executed.

=M+

When the decision in step 352 is positive, step 368
follows, and when it is negative, step 354 follows.

Since the flag is not turned on at first, step 354 follows,
and therein it is determined whether the room temperature Tt has
become equal to or lower than the target temperature Ta + 1 °C .

When the decision in step 354 is negative, step 356
follows and therein the timer is turned off. Then, the flow of procedure
returns to step 350 and the steps of procedure are executed again from
this step.

When the decision in step 354 is positive, step 358
follows. In step 358, the timer is turned on (started) and time
measurement is made. If the timer has already been turned on, the
timer is not reset but only the tiﬁ'lé measurement is made.

in the following step 360, it is determined whether the
timer has counted more than 10 minutes as the resuit of the time
measurement in step 358.

When the decision in step 360 is negative, the flow of
procedure returns to step 350 and the steps of procedure are executed
again from this step. |

When the decision in step 360 is positive, step 362
follows and therein Ta + 1 °C is set as the target -temperature for the
first time T o . In following step 364, information of the operating
condition that the feeling-of-coolness wave, which will be described later

in detail, is started, namely the feeling-of-coolness wave is tuned on, is -
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According to the enbodi nent, as apparent.fromthe abojfer =
confortable feeling can be provided by bringing the rpomte HER he
vicinity of a desired tenperature (target tenperature
_tenperature is stabilized around the targe% t enper at u
sense becones used to the environnment. Further, even after theT
t enperature has been stabilized around the target tenperature, i.e:, the
‘human sense has Ilsetonin theddllawing istere 366, thentimer fasaneasuringrihe tieg elapsed| i ng
has begun to | essen, the environment can be changed and the confortable
feeling can be m@fer thestarbgt therfoekng-eheoqlnrss ‘t"é\ﬁ%éﬁ gasgt @and; thenpthe tiame,
finer control of the roomtenperature can be executed for maintaining the
confortabl e feel 9figPescedvi® meluns dRafigPs 359 @R MfratierRe feprocedure are

executed again from this step.

After steps 350 and 351 have been executed again,
positive decision will be made in step 352, i.e., it will decided therein that
the feeling-of-coolness wave is turned on, and, then, step 368 follows.

In step 368, it is determined, _the same as in step 318,
whether the operating | frequency of the compressor is over a
predetermined frequency, and in following stép 370, it is determined, the
same as in step 320, whether the setting information is changed by the
remote controller or the like. If the decision in any of steps 368 and 370
is positive, the subroutine is terminated and returns to the main routine.

When the decision in each of' step 368 and step 370 is
negative, step 372 follows and therein the time is measured on the timer.

In the following step 374, it is determined whether the timer has
counted more than one minute as the result of the time measurement on
the timer in step 372,

" When one minute has not elapsed, negative decision is
made in step 374 and, then, the flow of procedure returns to step 350-
and the steps of procedurel are executed again from this step.

When one minute has elapsed, positive decision is made
in step 374, and, then, steps 376, 378, and 380, similar to steps 326,
328, and 330 in the above described heating control, are executed.
Namely, ih step 376, the variable M for calculating the fluctuation amount
is increased in increments of 1, and in following step 378, a new target

temperature Ta is set in accordance with the following exp'réssions 3) -
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Further, since the target tenperature is shifted to thg
the load of the air conditioner is |lightened in both c
control and cooling control, the load on the air condi |onerpc4an\]m_e19$du
as conpared with that in the conventional practice in

tenperature was controlled to becone equal 280 the target tenpe

t he begi nning. -Hence, energy saving can be achieved. Accordlng to t he

I a—————
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he..r Qom

results of experi@ﬁaQa) the practice of setting values in the present
enbodi nent provi des an energy saving

Ta=T o + Tb(M) ... (3)

Tb(M) =0.5x K u . {4)

The temperature T o in expression (3) is the above
described target temperature T o set for the first time, ie., the
temperature higher than the target temperature Ta set at the beginning
‘by1°C .

In following step 380, the timer is reset to measure the
time elabsed after the setting of the new target temperature Ta and,
then, the flow of procedure returns to step 550 and steps of procedure
are executed again from this step.

For the second time and forward after the setting of the
feeling-of-coolness wave, positive decision will be made in step 352 and
negative decision made in each of steps 368 and 370, except for the
case where the setting ihformation is changed during the operation by
the remote controller or the like or the case where the operating
frequency of the compressor becomes over the predetermined value
(namely, when the load on the air conditioner is increased), and steps
372 and 374 will be repeatedly executed until one minute elapses after
the timer was reset in step 380 as described above.

\ When one minute elapsed, positive decision is made in
step 374 and, in the following steps 376 and 378, the value of the
variable K for the one minute period ne)it to that for which the variable
was read on the previous occasion, i.e., the value of K 2 in FIG. 8, is
read and, then, a new target temperature Ta is set based on this value
according to the above expressions (3) and (4). In the following step

380, the timer is reset again.
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effect of approximately 7% Al though, in the enboding
that the constant K whose value varies with the pass?

HERLACEMENT SHEEYW
FIG 8 is stored in nenory at the beginning and the i orecD athUlQ%ead
course of tine, tenperature control data nmay be obt aiiin eby -cal.cul.at.j.ng
course of tine, tenperature fluctuation datz taking bﬁ z im
on the basis of the follow ng chaos cal cul ati ng expressi on (5) The

fluctuation taking on 1/f po régeRtddiy ExetithigSatepd!dsed 382f 368 UsTOIadTDN,
said to represent the changeyn t he human puIg 5as an exarrpl e, and to

provide speci al cgpdosgb3zs faR| 380 ds0dbstmRdbatcVe, radrar tefrpeeatuid coriteol
~tenperature fluct uation'is realized by such means, special confortable

feeling can be ob{g@hnAE temperatures 0.5 °C  above and below the temperature higher

than the target temperature Ta at the beginning by 1 °C taken as the
upper and lower limits of the maximum width of fluctuation, as apparent
from expressions (3) and (4) mentioned above, i.e., feeling-of-cooiness
wave, IS executed.

Thus, the room temperature varies with the temperatures
0.5 °C above and below the temperature, which is 1 °C higher than
the target temperature Ta at the beginning, taken as the upper and lower
limits of the maximum width of fluctuation.

The cooling control routine is forcedly terminated when
instructions to stop the operation are issued by a remote controiler, not
shown, or a switch, not shown, provided on the air conditioner.

According to the embodimént, as apparent from the
above description, comfortable feeling can be provided by bringing the
room temperature to the vicinity of a desired temperature (target
temperature) until the room temperature is stabilized around the target -
temperature, i.e., the human sense becomes used to the environment.
Further, even after the room temperature has been stabilized around the
target temperature, i.e., the human sense has become used to the
environmeht and the comfortable feeling has begun to lessen, the
environment can be changed and the comfortable feeling can be
maintained by varying the room temperature. In this case, finer control
of the room temperature can be executed for maintaining the comfortable
feeling according to changes in the human sense.

Further, since the ta_rget temperaturé is shifted to the -
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the 1/f fluctuations as described above, nore special™

Further, in addition to the practice varying tﬁw
(providing it with fluctuations) as in the above enbodRERIACENMIENT S8ERF 1
gquantity of the fun is also controlled to exhibit valﬂiatio (fb ti
the sane as in the tenperature variationsssn the errbédi)amm@.s.ér‘] g |

can be provi ded. 26 Al t hough the exanpl e of air conditioner e ui p?d
es 0

W th

side at which the load of the air conditioner is lightened in both cas
heating control and cooling control, the load on the air conditioner can be
reduced as compare_d with that in the conventional practice in which the
room temperature was controlled to become equal to the target
temperature set at the beginning. Hence, energy saving can be
achieved. According to the results of experiments, the practice of
setting values in the present embodiment provides an energy saving
effect of approximately 7%.

Although, in thé embodiment, it is adapted such that the
constant K whose value varies with the passage of time as shown in
FIG. 8 is stored' in memory at the beginning and the stored data is read
in course of time, temperature control data may be obtained by
calculating, in course of time, temperature fluctuation data taking on 1/
power spectrum on the basis of the following chaos calculating
expression (5). The fluctuation taking on 1/f power spectrum, the
so-called 1/f fluctuation, is said to represent the changes in the human
pulse, as an example, and to provide special comfortable feeling to
human being. Therefore, if the temperature fluctuation is realized by
such means, special comfortable feeling can be obtained.

Xn +1 =(Xn+Xn ' * )MOD1 ... (5)

(Initial value: X o =0.2)

Further, in addition to the practice varying the room
temperature (providing it with fluctuations) as in the above embodiment, if
the wind quantity of the fun is also controlled to exhibit variations
(fluctuations) the same as in the temperature variations in the
embodiment or to exhibit the 1/f ﬂuctuations aé described above, more

special comfortable feeling can be provided. .
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both cooling function and heating function has been jTT*“T‘gg*ﬁTﬁ
the invention can be applied to the air cpnditf

is that equipped with only cooling function or that
heating function. According to the inventjon, as des

enbodi nent ,

, Bﬁ%d ‘dbovei-n--det

the target tenperature is corrected to rise and fall pertoarcarty 1m

accordance with a predeter @ﬂﬁguéﬂltﬁea&gamiyll b Sir chigitioNS’ gﬂSIgBéﬂf\Pﬁ%d to

target tenperature after
the side at whi
becones | ower t

Ther ef or e,

to the predeterm ned

t he

he Correction takes on a va

i O Y

and 't avera
whether it is that equipped with only cooling function or that equipped

with only heating function.

According to the invention, as described above in detail,
the target temperature is corrected to rise and fall periodically in
accordance with a predetermined rule and, further, the average of the
target temperature after making the correction takes on a value shifted to
the side at which the air conditioning load of the air conditioning means
becomes lower than when the target temperaturé has not been
corrected. Therefore, the room temperature varies up and down
periodically according to the predetermined rule and the average of the
room temperature takes on a value shifted in such a direction that the air
conditioning load of the air conditioning means is thereby lightened from
that for attaining the target temperature before the correction.

Accordingly, an excellent effect can be obtained that
energy consumption can be reduced without impairing the comfortable
feeling.

In the early stage of operation before the room
temperature is stabilizéd around the target temperature, the human
sense is not yet used to the indoor environment, and, hence, the
comfortable feeling can be provided by bringing the room temperature to
the vicinity of the desired temperature (target temperature). Further,
after the roorh temperature has been at a value within a predetermined

temperature range from the target temperature over a predetermined

length of time; i.e., after the room temperature has beeri s_tabilized :

’E'P%mﬁ?e‘hwﬁuevweﬁﬁomagﬁpﬁdgam,eae{o 8 57! dohafsRr di ng
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roomtenperature takes on a value shifted in such a
conditioning load of the air conditioning nmeans is tri WGM@
that for attaining the target tenperature before the {gorre £ _
Accordingly, an excellent effect can be obtained thatj go eﬂﬁ_u.iﬁ%l,p
can be reduced w thout inpairing the conf®avtable feeIuPﬁ@“m'-

stage of operation before the roomtenperature is stabilized around the
target tenper at @roeund ltike itarget te tuee, nthe tapgetutentbdraturé echiang means
envi ronnment, and, hence, the co ortable feeling can be provide

bringi ng the rowausestthe adverage ovdilee dimémbrgetokaamitoeshmamdﬁ are
(target tenperature). Further, after the roomtenperature has been at a
val ue within a iredtverthanése air conditioning load of the air conditioning means is

{eetion=that--t-he-aj

thereby lightened from that for attaining the target temperature before the
correction, and the air conditioning operation is performed to bring the
room ter_nperature to this room temperature, so that the sense of a
person in the room is prevented from becoming used to the indoor
environment and his or her comfortable feeling is prevented from
lessening. Thus, the comfortable feeling of the person in the room can
be maintained.

Accordingly, an excellent effect is obtained that fine room
temperature control can be executed to maintain the comfortable feeling
corresponding to the change in the sense of the person in the room.

Further, according to the invention, the room temperature
is corrected to rise and fall in accordance with the 1/f fluctuation and,
further, the average value of the target temperature after the correction
takes on a value shifted in such a direction that the air conditioning load
of the air conditioning means is thereby lightened from that for attaining
the target temperature before the correction. Hence, also the room
temperature periodically varies up and down in accordance with the 14
fluctuation and the average value of the room temperature takes on a
value shifted in such a direction that the air conditioning load of the air
conditioning means is thereby lightened from that for attaining the target
temperature before the correction. |

Therefore, an excellent effect is obtained that energy
consumption can be reduced without lessening the comfortable feeling.

Especially in this case, since the room temperaturé
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tenperature range fromthe target tenperature over 4
of tinme, i.e., after the roomtenperature has been ¥
the target tenperature, the target tenperature changjn S tie
average value of the target tenperature to shift |n€ -t hat
the air conditioning load of the air conditioning ne T

| ightened fromthat for attaining the ta28et tenperature before the
correction, and the air conditioning operation is perforned to bring the

room t enper atygfigs i ahd dSwh 3R ACERIRRE With Be 19PfHadt@dtion]) sucheait exceflert effect
can also be provided that special comfortable feeling is given to the person in the

room.

The term 1/f as used herein relates to a frequency domain to time domain.
transformation. For example, a human being at rest will have a pulse rate f which
is not constant but which undergoes essentially random fluctuations. The quantity
1/f represents the variation in the time period of those pulses. It is thought that if
the variation of the room temperature as determined by the air conditioner, varies
in a similar way to the way in which the human pulse varies, an especially
comfortable feeling is perceived by human beings.
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M@Me is corrected to rise and fall in

n and, further, the average value of the
e after the gor : f val ifted. in.such a
e air condi tfon}is‘ﬁéﬁd %%@tﬁql}\%f Pg&gfposggg%fl tﬂirﬁglgﬁﬁa&'ﬁ‘g S

hli8udifg e [ BmpRtddr "aA%utdoor heat exchanger, an expansion

device, and an indoor heat exchanger comprising:

room temperature detection means for detecting the
room temperature of an air-conditioned room;

temperature setting means for setting a target
temperature;

| air conditioning means for performing air conditioning

operation to bring thé room temperature detected by said room
temperature detection means toward said target temperature; and

target temperature changing means,

wherein said target temperature changing means
corrects said target temperature to rise and fall periodically in accordance
with a predetermined rule after the room temperature has substantially
reached said target temperature by air conditioning operation of said air
conditioning means and shifts the average value of said target
temperature after the correction has been made in such a direction that
the air conditioning load of said air conditioning means is thereby
lightened from that for attaining said target temperature before the

correction.

2. An air conditioner according to claim 1, wherein said
target temperature changing means starts said correction of the target
temperature when the period of time during which the room temperature
stéys within a predetermined temperature rahge including _the target

temperature is about to exceed a predetermined length of time,.

| N O )
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the target tenperature before the correction. Hence, Eﬁei I
tenperature periodically varies up and down in accor ance '

fluctuation and the average val ue of the roomtenper t@gtgﬂ qk A Vg ue
shifted in such a direction that the air conditioni nl=lead of 9?’470@&? j
conditioning nmeans is thereby lightened fromthat for atta| ni ng et get

tenperature before the correction. ThereB®re, an excellent effect is
obt ai ned that energy consunption can be reduced w thout |essening the

contortable feeling. Espew #it bonditiordef being PoSsesseliBEQ reffyetRRP cyCIRRR B! €

compressor, an outdoor heat exchanger, an expansion device, and an indoor heat
exchanger comprising:

room temperature detection means for detecting the room temperature of
an air-conditioned room; _

temperature setting means for setting a target temperature;

air conditioning means for performing air conditioning operation to bring
the room temperature detected by said room temperature detection means toward
said target temperature; and

target temperature changing means,

wherein said target temperature changing means corrects said target
temperature to rise and fall periodically in accordance with 1/f fluctuation when a
predetermined length of time has elapsed after the room temperature reached or
substantially reached said target temperature and shifts the average value of said
target temperature after the correction in such a direction that the air conditioning
load of said air conditioning means is thereby lightened from that for attaining said
target temperature before the correction. '

4. An air conditioner substantially as herein described with reference
to the accompanying drawings.
5. A method of controlling an air conditioner, said method

comprising the steps of operating the air conditioner after initial energization
thereof until the room temperature substantially reaches a predetermined target
temperature; changing said target temperature to cause same to rise and fall
periodically; and shifting the average value of the target temperature after the
change thereto has been made in such a direction that the air conditioning load of
the air conditioner is lessened relative to that load which would be required to
attain the target temperature before its change.

6. A method of operating an air conditioner, said method being
substantially as herein described with reference to the accompanying drawings.

| O A VA
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28 - varies up and down in accordance with the 1/f
excellent effect can also be provided that special cp

yotuation_.such an
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given to the person in the room The term 1/f as usefj herein rel ates t_a
frequency domain to tinme domain transformation. For BX n_bai ng
have a pulse rate f which is not const aft=but—whtch—tndeo Edgjoes

at

rest will

essentially random fluctuations. The quant-ity 1/f represents the variation
in the tine period of those pulses. It is thought that if the variation of.
the roomtenperature as determned by the air conditioner, varies in a
simlar way to the way in which the hunman pul se varies, an especially

comc ortable feeling is perceived RIR CORPITONES-

ABSTRACT

An air conditioner (10, 12) aiming at reduction of energy consumption
without impairing comfort is disclosed. The air conditioner has a room
temperature detection means (80A) for detecting the room temperature of an air-
conditioned room, temperature setting means (72C) for setting a target temperature,
air conditioning means (10, 12) for performing air conditioning operation to bring
the room temperature detected by the room temperature detection means (S0A)
toward the target temperature, and a target temperature changing means (76). The
target temperature is corrected to rise and fall periodically in accordance with a -
predetermined rule after the room temperature has substantially reached the target
temperature 'through air conditioning operation of the air conditioning means (10,
12). Thereafter the average value of the target temperature shifts after the start of
the correction in such a direction that the air conditioning load of the air
conditioning means is thereby lightened from that for attaining the target
temperature before the correction.

Figs. 2 and 3.
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operation to bring the roomtenperature detected by ' :
detection neans toward said target tenperature; and a'ng’(-A‘?@WEMT&HEEE-.
:changi ng means, wherein said target tenperature:chan i'S% nmfhds Jyprigest s
said target tenperature to rise and fall periodicall € aceordance.. .t
predeterm ned rule after the roomtenperature has substantialrly
said target tenperature by air conditio igg operation of said air

“condi tioning neans and shifts the averagé val ue of said target. tenperature
after the correction has been made in such a direction that the air
conditioning |oad of said air conditio QEZSS Is thereby lightened from
that for attaining said target tenperature betore the correction.
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2. An air conditioner according to claim1, wherein s
changi ng neans starts said correction of the target t
iperiod of time during which the roomtenperature stays
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'roon1tenperature detection neans for detecting the roo
air-conditioned room

it enper at ur e;

tenperature setting neans for set
air conditioning nmeans for performng air

REBLACEMEN®SHEET

conditj opj,n
operation to bring the roomtenperature detected by sai dD?tégré--t-“QJ&meur.
detection neans toward said target tenperature; and targe :
changi ng neans, wherein said target tenperature changing neans corrects
said target tenperature to rise and fall periodically in accordance with
1/f fluctuation when a predetermned | d§th of time has el apsed after the
roomtenperature reached or substantially reached said target tenperature
and shifts the average value of said target tenperature after the
correction in such a direction that the air conditioning

FIG.4
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| oad of said air conditioning neans is thereby |ightene
attaining said target tenperature before the correctiornf
tccondi ti oner substantially as herein described with ref
acconpanyi ng draw ngs. 5. A method of controlling a
said nethod conprising the steps of operating the air conditioner a
initial energization thereof until the roomtenperature substantially
reaches a predeternined target tenperatBf&; changing said target
tenperature to cause same to rise and fall periodically; and shifting the
average val ue of the target tenperatu1ﬁggﬁie t he change thereto has been
made in such a direction that the air % e™Oning |l oad of the air
conditioner is lessened relative to that |oad which would be required to
attain the target tenperature before its change.

®

C HEATING CONTROL)

SET FREQ THRU FUZzZY
300 - CALCN BASED ON
_ |Ta-Tti, A|Ta-Tt|

30| HTG OPN AT SET FEQ
) (HEATING OPERATION)

302

FEELING
-OF-WARMTH
WAVE ON

YES

FREQ OVER

PRESET VAL 306
[4 ( i
NO 320 TURN OFF
YES - - 1YES TMR
TURN ON TMR,
r MEAS TIME i
(' RETURN )
NO 3o0 \'308

s NO
MEAS TIME '
ON TMR 310
324

NO To=Ta-1 +—312

e YES TURN ON FEELING-| 3,4
o M=ma OF-WARMTH WAVE
| L

328-— Ta=To+Th(M) RESET TMR |36

330~ RESETTMR |’ é)




"6. ' A method of operating an air conditioner, said

-dr awi ngs.
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