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condi tion when a user |s s eeplng n air conditioner has a conpressor for
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heat with the refrigerant so as to execute a controlled operation for
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The present invention relates to an air conditioner
for exchanging heat with a refrigerant so as to adjust_e
room teﬁperature to a deSignated temperature and for ‘
shifting a designated temperature to.a predetermined
temperature under a predetermined conditioﬁ in'such a case
that a user is sleeping.

An air conditioner has a compressor for cemp;essing a
refrigerant and executes a refrigerating cycle for
e;changing heat with the ref;igeraht so as to execute a
control Operatieg for approaching the room temperature to
the deeignated temperature. |

A eonventional air conditionéer performs the following
- control‘opeiation for apbroaching-the roonm temperature to

the‘aesignatedﬂtemperature. The air conditioner performs a
fussy dperation correSpendihg to the difference At between
the des1gnated temperature and the room temperature and the
varlatlon thereof and calculates an 1ncrease/decrease
amount of the frequency for controlling an AC motor of a
compressor. Corresponding to the increase/decrease amount,

the air conditioner increases or decreases the operation

power of the AC motor so as to asymptotically approach the
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operation power corresponding to various factors such as
the current consumption, the temperature of the compressor,
and outer temperature at that time.

However, when the air conditioner performs the control

operation while the user is sleeping, due to the fact that

+the body temperature of the user decreases, it cannot

provide the user for a comfortable sleeping environment.
In other words, the user designates a temperaturé while he
is awaking, not a temperature while he is sleeping. When
the body temperatufe of the user decreases while he is
sleeping, he feels too cold in a cooling mode and toq hot
in a heating mode.

To solve such a_problem, when a conventional air
conditioner determines that the room temperature accords
with the designated temperature, it.increaSes the
designaéed temperature to a prédetermined temperature in
the cooling mode and déCreases the designated temperature
to the predefermined témperature in the heating mode so as
to handle a temperafure-change during sleeping.

It takes a long time until the room temperature
reaches a designated temperature.l Thus, the rdom_
tempe:ature.does'not easil& accord with the designated

temperature. Consequently, it is very difficult to
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onditioner determines t at t e room température accords

with the desired temperature and performs the above-
described temperature shift control.

'However, when the amount of the load of the air _
conditioner is balanced with the operation power, the air
conditioner tries to converge to the balanced state. In
othef words, the air ponditioner stably operates in the
condition that the room temperature does not accord with
the designated temperature. In this case, the air
conditioner :does not perform the above-described
temperature .shift control. Thus, the air conditioner
cannot provide the user for a temperature corresponding to
his decreased body femperature.

_ . - .

The present invention is made from the above-described
point of view. An object of the present invention is to
properly perform the temperature shift control iﬁ the
stable operation_state for improving sleeping
comfortableness and to pfoperly perform designated
temperature shift control for energy saving.

The present invention is an air conditioner for

varying an air conditioning power and for approachihg a
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room temperature to a designated temperature, comprising a
determining means for determining whether or not the
conditioning power that is operating approaches a
predetermined range of the air conditioning power required
for maintaining the desired temperature and for outputting
a corresponding signal, and a compensating means for
compensating the desired temperafure corresponding to the
signal that is output from the determining means.
According to the preseht invention, when the air
conditioner perfoims an operation for approaching the room
temperature to the desired temperature, the air
conditioning power necessary for the control operation
graduélly apprdaqhes the air conditioning power for
maintéining the desired temperature.” In this case, when
the air conditioning power at the present time approaches a
predetermined range of the air coﬁditioning power for
maintaining the desired temperature, the desired
temperature is compensated. Thus, a situation of which a
prdper desired temperature becomes an improper temperature
due to a variation of the body temperature of the user can
be prevented. In addition, when the control operation
becomes stable in the condition that the room temperature
does not accord with the desired temperatﬁre, if it is
determined that the air conditioning power during the

control operation approaches the air conditioning power for
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operation becomes stable, since the desired temperature is
properly compensated, the air conditioner can provide the
user for a comfortable sleep environment.

These and other objects; featﬁres and advantages of
the present.invention will become more apparent in light of
the fOllowing detailed description of a best mode |
embodiment thereof, as illustrated in'the accompanying
drawings.

Fig. 1 is a block diagram showing an air conditioner

i according to an embodiment of the present invention;

Fig. 2 is a sidé'view showing an inner construction of
an indoor unit of the air conditioner according to the
embod;ment of the present invention;

Fig. 3 is a schematic diagram showing a refrigerant
circuit of the air conditioner according to the embodiment
of the present invention;

Fig. 4 is an electric circuit diagram of the indoor
unit of the air conditioner according to the embodiment of
fhe-preSent invention; |

Fig. 5 is an electric circuit diagram of an outdoor
unit of the air conditioner accordlng to the embodlment of

the present invention;



copfort ' and—toproperty performthe designated tenperature shift
control for energy saving.. E'“* esent invention is an air conditioner for
varyi ng air i and for causing a 4 room
tenperature to i gnated tenperature, conprising (i) a
determ ni ng nean il ng , whet her .or not the. conditioning power
that is operating approaches. a preédeterm fed range of the air conditioning
power required for maintaining the desired tenperature and for outputting
Fig. 6 is a flow chart showing a temperature shift
control of the air conditioner corresponding to the
embodiment of the present invention;
Fig. 7 is a graph showing a time change of a room

" temperature t in a heéting mode; and

Fig. 8 is a graph showing a time change of a room

temperature t in a cooling mode

Next, with reference to the accompanying drawings, an
embodiment of the present invention will bé described.

Fig. 1 shows an air conditioner according to the embodiment
pf the present invention. The air conditioner comprises an
indoor unit 10, an outdoor unit 12, and a remote controller
14. The indoor unit 10 and the outdoor unit 12 each have a
refrigerant circulating path for circulating a refrigerant.
The remote controller 14 sends operation signals as
infrared rays to the air conditioner so as to remotely
control it.

The remote controller 14 has various operation keys
(switches) for turning on/bff the power, selecting
cooling/heating modes, designating temperature, designating
timer, and so forth. With the opération keys,
corresponding operation sigﬁals are output to the air
conditioner. The remote controller 14 has air amount

designating keys. With the air amount designating keys,
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deéired'tenperature correspgndi to the signal that is
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approach the desi , the air conditioning power necessary for
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In this embodiment, an air conditioner that has the
three levels of air amount wiil be exemplified. However,
the above-described three levels of air amount are
fundamental in the embodiment. Thus, the embodiment can be
applied for other constructions of which the air amount is
varied in several levels (including for example-"breeze",
"high power", etc.), the air amount is gxédually varied
rather than in the fixed levels. |

In'addition, the remote controller 14 according to the
embodiment has é "sleep mode" designating key. With the
"sleep mode" designating key,-a program for contiolling air
amount, temperature, ‘and so forth for a comfortable
sleeping environment is executed.

.In the sleep mode, due to the fact that the body
temperaturé of the user who-is sleeping is lower than the .
body temperature of the user who is awaking, a function for
shifting the room temperature to a lower temperature than
the designated teﬁperature in the cooling mode and to a
higher temperature than the designated temperature in the
heating mode.is provided. |

In this embodiment, as a means for sending operatién

. signals of the reméte contrqller 14 to the indoor unit 10,

radio waves such as infrared rays are used. The indoor
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control unit 10 has an optical sensor 76B that receives the

infrared rays. The optical sensor 76B will be described
later.

When an operation sinal sent from the remote
controller 14 is received by the optical sensor 76B of the
indoor unit 10, the air conditioner controls the room
temperature, humidity, and so forth corresponding to the
code of the received operation signal. It should be noted
that the remote controller 14 can be connected to the
indoor unit with a signal line.

As shown'iﬁ Fig. 2; the indoor unit 10 is covered by a
casing 202. The casing 202 is detachably secured to the

! upper and lower edges of a mounting base 200. A cross flow
fan 204 is disposed at a centér portion of the casing 202.
The cross flow fan 204 is driven by a drive force of a fan
motor 70E (that will be described later). The cross flow
fan 204 sucks air in the room from a sucking opening 206
through various filters 208 and a heat exchanger 16 and
supplieé the resultant air to the rooﬁ through an air path
210. The air path 210 has a horizontal fan 212 and
horizontal flaps 214 so as to adjust the direction of the
air supplied to the room.

A drain pan 216 is integrally dispoéed at the éasing
202 corresponding tq the lower portion of the heat

exchanger 16.



operati on becones—stabte; since the desired tenperature is properly
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conditioner controlled by a control unit according to the
embodiment df the present_invention. In Fig. 3, reference
numeral 26 is a compressor. Reference numeral 27 is a
four-way valve. Reference nume;al 28 is an outdoor heat
exchanger disposed in the outdoor unit 12. Reference
numeral 30 is a capilléry tube. Reference numeral 16 is an
indoor heat exchanger disposed in the indoor unit 10.
Reference numeral 24 is an accumulator. These elements are
circularly connected by a refrigerant pipe so as to
construct a refrigerant cycle.

In the air conditioner, when the four-way valve 27 is
placed in the state denoted by a solid line shown in Fig.
3, the refrigerant supplied from the compressor 26 flows in
the direction of an arrow denoted by a solid line. Thus,
the refrigerant is compressed in the outdoor heat exchanger
28. The refrigerant is evaporated by the indoor heat
exchanger 16. Consequently, the room is cooled. On the
other hand, when the four-way valve 27 is piaced in the
state denoted by a dotted line shown in Fig. 3, the
refrigerant supplied from the compressor 26 flows in the
direction of an arrow denoted.by'a dotted line. _The
refrigerant is compreésed by the indoor heat exchanger 16.
The refrigerant is evapqraéed by the outdoor heat eichangér

28. Consequently, the room is heated.



enpodi ment  of tmn Fig. 3 is a schemati %leﬁlsaﬁle@?ﬁR@ﬂeﬁﬂ

a refrigerant Clﬁﬁymka@ﬁsnaﬂk.lwmbondltloner according t fEppdoppnt of

t he present |nvent an electric circuit di ageamst=the—tndaet
unit of the air M\‘n rding to the enbodi nent of the pr esent

i nvention; Fig. 5 ec ric ciircuit diggran1of an outdoor unit of the
air conditioner according to the enbodi nent”of the present invention;

Reference numeral 112A is a fan motor that constructs
an outdoor air supplying device. Reference numeral 70E is
a fan motor that constructs an indoor air supplying device
along with the cross flow fan 204. The fan motor 112A and
the fan motor 70E cause air to be supplied to the Qutddor
heat exchanger 28 and the indoor heat exéhanger 16,
respectively.

Fig. 4 shows an electric circuit of the indoor uhit
10. The electric circuit has a power supply board 70 and a
control board 72. The power supply board 70 has a drive
circuit 70A, a motor power supply circuit 70B, a control
circuit power supply circuit 70C, and a serial circuit
power supply circuit 70D. The drive circuit 70A is
connected to the fan motor 70E that coﬁtrois the air amount
supplied to the room. The motor power supply circuit 70B
generates the power for driving various motors. The
control ciicuit power supply circuit 70C geneﬁates.power
for the control circuit. The serial circuit power supply
circuit 70D generates the power for the serial circuit.

The control board 72 has a serial circuit 72A, a drive
circuit 72B, and a microcomputer 72C. The serial circuit
72A is connected to the serial circuit power supply c%rcuit
70D. The drive circuit 72B drives a motor. The
microcomputer 72C functions as a control circuit. The |

drive circuit 72B is connected to an up/down flap motor
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that detects the temperature of the entire surface of the

floor.

The microcomputer 72C is connected to a display LED,
an optical sensor 76B, and a receiving circuit 76A. The
display LED is disposed on the display bqard 76 and
displays an operation mode and so forth. The receiving’
circuit 76a receives an operation signal as infrared rays
through the optical sensor 76B from the remote controller
14.

In addition, the microcomputer 72C is connected to an
area LED end a floor ‘sensor. The area LED is disposed on a
sensor board 78 and displays the temperature detecting area
of the floor.

The remote controller 14 causes the air conditioner to
drive the flap motors 74A, 74B, and 74C and change the flap .’
angles and so forth, thereby selecting each mode of heating
mode, cooling mode, dry mode, automatic operating mode,
sleep mode, and so forth and changing the designated
temperature, and changing the air supplying amount.

Moreover, the microcomputer.7zc'is connected to a room
temperature sensor 80A, a heat exchanger tehpereture sensor

80B, and a humidity sensor 80C. The room temperature
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exchanger temperature sensor 80B detects the temperature of

the refrigerant coil of the indoor heat exchanger 16. The
huniidity sensor 80C detects the humidity of the room.
Furthermore, the microcomputer 72C is connected to.a self
diagnosis LED, an operation selection switch, and a self
diagnosis switch that are disposed on the switch board 82.
The operation selection switch selects one of the heating
mode, the cooling mode, the dry mode, and the automatic
operation mode. |

Display LEDs corresponding to the "heating mode" ,
"cooling mode", "dry mode", "automatic operation mode“, and
"sleep mode" are disposed on the display board 76 and light
corresponding to the operation modes.

Fig. 5 shows an electric circuit of the outdoor unit
12. This electric circuit has a rectifier circuit 100 and
a control board 102. Terminalé (1) to (3) of the electric
circuit of the outdoor unit 12 are connected to the
electric circuit of the indoor unit 10 shown in Fig. 4.

The control board 102 has a serial circuit 102A, noiée
filters 102B, 102C, and 120D, a swifching power supply
circuit 102E, and a microcomputer 102F. The serial circuit
102A is connected .to the serial circuit power sﬁpply
circuit 70D of the indoor unit 10. The noise £ilters. 1025,

102C, and 120D remove noise. The switching power supply
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200. A cross flow fan 204 is disposed at a center ,portion of the casing
202. The crosSiFFBWts dR2Bogenergitese ppwer for switching the inyertan,

70E (that will be described later). The cross flow
104. The microcomputer 102F functions as a control

circuitf

The switching power supply circuit 102E is connected
to the.inverter 104. The inverter 104 is connected to the
compressor 26, which compressés the.fefrigerant.

The microcomputer 102F is connectea to an outer air

: temperature_thermistor 110A, a coil temperature thermistor

110B, and a compressor temperature thermistor 110C. ' The
outer air temperature thermistor 110A is an outer
temperature sensor that detects the temperature of the
outer air. The coil'temperature thermistor 110B is a coil
temperature sensor that detects the temperature of the
refrigerant coil of the outdoor heat exchanger 28. The
compressor temperature thermistor 110C is a temperafure .
sensor. that detects the temperature of the compressor 26.

The noise filter 102B is connected to a fan motor ilZA
and a fan motor condenser 112B. The fan motor 112A
supplie§ air to the outdoor heat exchariger 28. 1In parallel
with the fan motor 112A and the fan motor condenser 112B,
the four-way valve 27, which changes the flow direction ofl
the refrigerant supplied from the compressor 26, is
connected to the noise filter 102B.

‘Next, the operation of ;he embodiment of the present

invention will be described. Firstly,'the normal operation
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wil; be described.

When the remote controller 14 is operated in the
operation stop state and an operation signal is received by
the receiving circuit 76A, the code of the received |
operation signal is analyzed.

It is determined whether or not the analyzed result is
a power on command or a timer designating command. In the
power off state, some operation signals of for example
temperature desighating command énd air amount designating
command are canceled. Thus, whén such operation signals
are input, they are not accepted and the receiving circuit
7 is kept in the receiving state.

When a timer designating comménd is detected, fhe user
of the remote controller 14 can designate the timer so that
the air conditioner will oéerate at a predetermined time
(for example, two hours later). Thus, the remote
controller 14 outputs a corresponding operation signal to
the air conditioner and thereby the timer (on time) is
designated in the air conditioner. Thus, the air

- conditioner will automafically operate two hours later.

When a power on command is detected, the éir
conditioner starts:in the designated mode of the last
operation. |

Thereafter, when an operation signal is received from

the remote controller-14, the code of the received
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power supply cCrrcui serial® circurt power supply circui )
The drlve C'rgylﬁo%oéhe analyzed result is a power off command, an air
amount designating (changing) command, a temperature
‘designating (changing) command, or a timer designating
(changing) command. Corresponding to the determined
result, an item corresponding to the analyzed result is
selected. Thus, the operation of the air conditioner is
stopped or the designated operation mede is executed.
| When the sleep mode is used, a desired temperature is
designated with the temperature designating keys of the
remote controller 14 and then the sleep mode switch button
is pressed. ﬁith this key operation sequence, the remote
controller 14 generates an operation signal. When the !
operation signal is received by the receiving circuit 76A,
the operation signal is analyzed aﬁd it is determined that
the operation signal represents the sleep mode and the
designated temperature (desired temperature).

When the desired temperature and the sleep hode are
designated, the fan motor 70, the compressor 26, and so
forth are controlled so that the air amount and the
temperature are changed for a good sieeping environment.

Next, with reference to a flow chart of Fig. 6, the
temperature.control of the aif conditioner according to the
embodimentlof the present invention will be described.

At step 300, a flag for causing a designated
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up/down flap OPLOfted once is initialized. In other words, "0" is

stored in a'flag fesister fr.

At step 302, the designated temperature t0 at present
time is stored to the register. At step 304, the room
temperature t is detected by the room temperature sensor
80A. |

At step 306, the absolute value | t - t0 | of the room
temperature and the designated temperature t0 is obtained.
The absolute value | t - t0 | is denoted by At and stored
in the register.

At step 308, the indoor unit 10 performs a fussy
operation corresponding to At and the variation of At so as
to calculate an increase/decrease amount AF of a frequency
F for controlling the AC motor of the compressor 26.

It can be said that the frequency F for controlling
the AC motor represents the operation power of the air
conditioner. Thus, hereinafter, the operation power of the
air conditioner in the case that the AC motor of the
compressor is controlled corresponding to the frequency F
is denoted by an operation power F. |

At step 310, the increase/decrease amount AF of the
operation power F calculated by the indoor unit 10 is sent
to the outdoor unit 12 throﬁbh a signal line.

At step 312, the outdoor unit 12 increases or
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11,74A, .l eft/right TTap notors 74B and 74C, and a floor s

The up/ down fl ap;E.Qf ically nmoves a flap. The i 35S SHEEOHAGREEN
) Hazgénﬁ?‘i?éﬁet ects the tenperature off_the BEPLAGED

74D rotates a f )
surface of the fﬂmu&f“ﬁa conputer 72C is connected to a disSplay CED,
an optical senso ! ceiving circuit 76A. The display LED is

di sposed on the display board 76 and di spfays an operation node and so
forth. The receiving circuit 76A receives an operation signal as infrared

rays :
y decreases the operation power F at the time (namely, the

frequency F of the AC motor) corresponding to the
increase/decrease amount AF of the received operation
power. The resultant operation power is denoted by F'. 1In
other words, when AF is large, the operation power.F is
increased with a large amplitude. When AF is small, the
operation power F is. decreased with a small amplitude.
Thus, the room temperature is effectively approached to the
designatéd temperature. At this point,'when an increase
signal of the frequency F is received while the compressor
26 is being operated with the maximum power, the maximum
power (maximﬁm frequency) F is maintained.

The real operation power F' is compensated by the
microcomputer 102F of the outdoor unit 12 corresponding to
various factors such as the current consumption of the air
conditioner at the present time, the temperature of the
compressor 26, and. the temperature of outer air. Thus, the
reai operatioﬁ power F' is not always changed for AF, which
is calculated by the indoor unit 10. In addition, the
operation power F' tends to converge to an operation power
that is balanced'with the load of the air conditioner.

At step 314, it is determined whether or not the sieep
mode has.  been selected. When the determined result is NO,
the flow advances to step 322. At step 322, "O" is stored

in the flag register fr. Thus, even if the sleep mode is



thﬁddghithe optTcat—sensor /6B fromthe renote controller 14. In addition,

area LED is disp 'TgAQ%EEN

the m crocomputer /2G| eched to an area LED and a fl :
ik st frice Bodndl E%? board 78 and di spl ays the.tiﬁ%%%%%i&

detected at an {“&m‘ﬂi ﬂor.i The renote controller 14 ng_spr

conditioner to d nmotors 74A,, 74B, and 74C in order to change

the flap angles and so forth, thereby seﬂéﬁting each of the heating node,
cool ing node, dry node, automatic operating node, sleep node, and so forth

an ohanol 10 b6 deshMALed LErher s S BRI ISR, O @1
(compensation) control is performéd. Thereafter, the flow
returns to step 302. At step 302, the above-described

- process is repeated.

On the other hand, when the determined result at step
314 is YES (namely, the sleep mode has 5een selected), the
floﬁ advances to.the next step 316.

At step 316, the operation power F' obtained by the
microcomputer 102F of the outdoor unit 12 is sent from the
outdoor unit 12 to the indoor unit 10 through a signal
line.

At step 318, the microcomputer 72C of the indoor unit
10 compares.the received operation power F' with the i
operation power F stored before a predetermined time and
calculates the increase/decréase amount AF' of the real
operation power. |

When AF' is a large positive value, fhe load of the
air conditioner has been increased (namely, a window or a
door has been opened or the room temperature exceeds the |
designated temperature).. Thﬁs, at this point, a large -
operation power is required. -On the other hand, when AF!
is a large negative value, the load of the air conditioner
has been decreases (namely, the designated temperature has
been changed);- Thus, the required operation power becomes

" small. When the absolute value of AF' is small, the



terrpefagure sensor—80A,—a heat exchanger tenperature sensor 80B, and a
hum dity senso 12 sensor 80A detects the room

or,.80C. .. T 90 enperature
tenperature. T as Hee Ke ‘m:etrd t enperature sensor 80B detects the
t enperature of ﬂ mmﬂ‘ Ec'oi'l of the indoor heat exchanger 16. The
hum dity sensor e humdity of §§e room Furthernore, the

m croconputer 72C is connected to a self diagnhosis LED, an operation
selection switch, and a self diagnosis switch that are di sposed on the

switch boardréggnitude of the load is balanced with the operation power

F (namely, the designated temperature t0 almost accords
with the room temperature t).

At step 320, it is determined whether or not the
absolute value | AF' | of AF' is a positive constant T or
less. ~The constant T is designated in the range from 2 Hz
to 5 Hz corresponding to the makimum operation power and so
forth. When the determined fesult is NO (namely, | AF' |
is larger than T), the flow advances.to step 322. At step
322, "0" is stored in the flag resister fr. Thereafter,
the flow returns to step 302. At step 302, the above-
described process is repeated. Thus, even if the sleep
mode is selected after it is éleared, the temperature shift
control can be executed. When the determined result is YES
(namely, I AF' | is T or less)} the flow advances to stép
324.

At step 324, it is determined whether or not the
content of the flag register.fr is "1". When the
determined result is YES, the flow returns to step 302. At

.step 302, the above-described_process is repeated. When
the determined result is NO, the flow advances to the next
step 326. At step 326, "1" is stored in the flag resister
fr. Thus, since the temperature shift control is not
gxecuted, the designated temperatu;e is nqt abnormally

changed. It should be noted that for one to two hours



The operatlon selection switch selects one of the heating nDde

node, the ﬂﬂdmetﬂaﬂumt hamtona tic operatlon node.

correspondlng t nDde , "cooling node", "

"automatic oper sleep node" are dlsposel -

board 76 and |g |n accordance W t the sel ected operation nDdes F|g 5

shows an electric circuit of the outdoor nit 12. This electric circuit has
a rectifier CIrCUIt 100 and a control ﬁﬁd 102. Terminals (1) to (3) of
the electric CUI% he ou d%&% unlt

h

_ _ €,04 L nda%l conne ed %o t?& Ie%%%%c
circuit of t uﬁ 8rto PATFPERAATIPRRT o i PO FORESR a
serial CIrCUI%llozﬁésEg%gg fr is kept to "0" so that the temperature |

shift control is performed after an elapse of the
designated time period.

At step 328, it is determined whether the cooling mode
or the heating mode has been selected. When the determined
result is the cooling mode, the flow advances to step 330.
When the determined result_is the heafing mode, the flow
advances to step 332.

At step 330, the value of the designated temperature
t0 stored in the designated temperature register is read.
The value of which 2 °C is added to tO is stored in the
designated temperature resister. Thereafter, the flow
lreturns to step 302. At step 302, the temperature control
is performed corresponding to the designated temperature
increased by 2 °C. Of course, since the value of the_flag
register fr is "1", the designated temperature shift
control is not performed. Unless the sleep mode is
cleared, the changed designated temperéture is maintained.

" Thus, the room temperature is not abnormally changéd.

It shbuld be noted that an automatic temperature
restoring fﬁnction can be provided so that the initially
designated temperature is restored when the sleep ﬁode is
cleared after the-température shift control is pérformed.

At step 332, the value of the designated temperature



filters 102B, 102C, and 102D, a swi tching power supply circuit 102E, and a

1

m cr oconput er ThZkeet HisdBeereRaplapedci rcuit 102A is connect ed = SerFo
circuit power s OD of the indoor unit 10. THID ISHIEET iHASBEEN
102B, 102C, and {Hbi se. The switching power supply RERIAGED cuit

102E generates power for swtchiing the inverter 104. The nrcroconputer 10ZF
functions as a control circuit. The sth%ﬁﬂ ng power supply circuit 102E is
connected to the inverter 104. The inverter 104 is connected to the

conpressor 26\:0 w&}bézomrﬁ'?ée&eéffnated temperature resistor is read.

The value of which 2 °C is subtracted from t0 is stored .in
the designated temperature register. Thereafter, the f;ow
returns to step 302. At step 302, the temperature control
is performed for the designated temperature decreased by 2
°C. Likewise, whi;e the designated temperature is
maintained, the temperature control is performed.
In the embodiment, as the temperature shift amount, 2
'°C was.used. However, the temperature shift amount should
be designated corresponding to a temperature decrease of
the user who is sleeping. Thus, the temperature shift
amount may be other than 2 °C. Altérnatively, the
temperature shift amount may be selected by the user. As
another alternative méethod, the temperature shift amount
may be a function of the room temperature or a function of
the designated temperature, not a constant thereof. As a
further other alternative'method, the temperature shift
amount in the heating mode may be a function that is
different from a function of the temperature shift amount.
in ‘the cooling mode. Thus, the temperature shift amount
can be selected cbrresponding t0 each application. |
Figs. 7 and 8 are graphs éhowing time changes of the -
room temperature t in the case that the above-described
operation power control is performed.

Fig. 7 is a graph showing a time change of the room



refrigerant. The m croconputer 102F is connected to an Out?L—éLL

t enper at ur e t hgfhst Q4 BL lagedCOi | tenperature therm stor [|1H48 SHEET BAS BEEN
conpressor tenp tor 110C. The outer air tenpdratur geEpLACED
therm stor 110A Iﬂ" E nperature sensor that detect $=the—terperatare
of the out5|de enperature thermstor 110B is a coi

tenperature sensor that detects the tenpefdture of the refrigerant coil of
t he out door heat exchanger 28. The conpressor tenperature therm stor 1100

IS a tenper atddhi3eNSile thal, daie ﬁéésé ;@?é@% aEdBﬁ Zw%énéé]%?a&?ﬁé”w‘?sfgr

The noise filter 102B I1s connected to an ot or an ot or

d 11 .
xchanger 28 TR asre oF s %?%%W&%@%%%W?’?Sﬁﬂ%hﬁ%%mg
Condenser 1128, 5 P A 0% \Gitfe FiendHi6H! 161 B deRat e 11 o

direction of the re
represents a time change of the room temperature t in the

case that the temperature shift cdqtrol is performed
corresponding to the embodiment. A dashed line 402 is a
curve that represents a time change of the room temperature
t in the case that the conventional temperature shift
control is performéd.

On the solid line 400, after the start of the
operation, thé room temperature t increases from the
initial room temperature ts and asymptotically app;oaches a
straight 1iné 404 that représents the designated
temperature t0. In this case, the variation width AF' of
the real operation power gradually decreases. When the
solid line 400 reaches a small circle 408, it is determined
thét AF' is T (for example, 3 Hz) or less.  Thereafter, the
designated temperature t0 is shifted to tO0 - 2 °C.. Thus,
the.solid line 400 asymptotically apprdaches a straight
line 406.. Consequently, tﬁe room témperature t is
maintained at the designated temperature t0 - 2 °c.

On the dashed line 402, after the start of the
operation, the room temperature t increases from the
initial room temperature ts as with the solid line 400.

However, when the room temperature t almost accords with



supplied fromthe conpressor 26. The valve 27 is also connected in parall el

ribed. First, normal operati n HIS SHEE(; QS@EEN
qQper D .

with the noi semgsﬂeama@&sm , the operation of the enb&ummm e

present inventi

descri bed. V\henjmm troller 14 is operated in thg_op

"stop" state an peratiton signal is received by the receiving CIrCUIt

76A, the code of the received operation spgnal is analyzed.
the designated temperature t0O, the designated temperature
is shifted to t0 - 2 °C. Thus, the dashed line 402 parts
from the solid line 400. " Thereafter, the dashed line 402
asymptotically approaches the straight line 406. Thus, the
room temperature t is maintained at the designéted_
temperature t0 - 2 °C.

Fig. 8 is a graph showing a time change of the room
temperature in the case that the room temperature t is
approached to the designated temperature t0 in the cooling
mode. In Fig. 6, a solid line 426 is a cﬁrve that
represents altime change of the room temperature t in the
case that the temperature shift control is performed
corresponding to the embodiment. A dashed line 422 is a
curve that represents'a time change of the room temperature
t in the case that the conventional temperature shift
control is performed.-

On the solid line 420, after the start of the
operation, the room temperature t decreases from the
initial room temperature ts. Thereafter, the solid line
asymptotically approaches a straight line 424 that
rep:esenté the designated temperature t0.  In this case,
the variation width AF' of the real operation power
g;addally decreases. When the solid line 420 reaéhes a
small circle 430, it is determined that AF' is T (for

example, 3 Hz) or less. At this point, the frequency for



It;is deterntne whet her or not the anal yzed result is a "power on" conmmand

J..

or a "tiner ggagp,ee,gg padand. | n the "power off" .
operation sign rrpl e, the tenperature desi gn S?Hbsi v QBEEB'

air anount deS| nd are cancel ed. Thus, such

signals are |n ) are not accepted and the rece|V|ng circuit 7 S
kept in the rece|V|ng state Wien a timgy designating command is detected,
the user of the renote controller 14 can designate the tinmer so that the

L ST L OB 005 B, AL PPl S PLABORL LA™ BhoSOAIDLE, (0

operation sighals ' ol dlL g8k NS -804 NEL SRY1 ABSs fbger (on time) is
Thereafter, since the designafed temperature t0 is shifted
to t0 + 2 °C. Thus, the solid line 420 asymptotically
approaches a straight line 406. The room temperature t is
maintained at the designated temperature tO + 2 °C.

When the designated temperature shift control is
performed twice, the following control is performed. When
the room temperature t approaches the sbifted designated
temperature t + 2 °C, the variation width AF' of the
operation power decreases. When the solid line 420 reaches
a small circle 432, it is determined that AF' is T (for
example, 3 Hz) or less once again. Thereafter, the
designated temperature t0 + 2 °C is shifted to t0 + 3 °C
once again. Thus, the control operation for the designated
temperature t0 + 3 °C is perfqrmed.

On the dashed line 422, after the start of the
operation, the room temperature t decreases from the
initial room temperature ts as witﬁ the solid line 420.
However, when the room temperature t almost accords with
the designated temperature t0, the designated temperature
is shifted to t0 + 2 °C. Thus, the dashed line 422 parts
from theISOlid line 420 and asymptoticaliy approaches a
straight line 426_£hat represents the designated

temperature t0 + 2 °C. Thus, the room temperature t is
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designated in the air conditioner. Thus, the air conditio
automati cal | y omesiétdlat B&nRegiced | at er. When a "power on" c
detected, the ai starts in the designated nodg
operation. Ther operation signal is receive F 5
controller 14, the code of the received 15 operation signal is analyzed

and it is determ ned whether or not thesanal yzed result is a power off
command, an air '

W e T ML @ Y R WY s o

maintained .at the desigﬁated teﬁperature t0 + 2 °C.

As described above, according to the embodiment, when
the ;variation width.A F' of the frequency for controlling
the AC motor converges to a predetermined range, it is
determined that the power of the air conditioner that is
operating approaches the predetermined range of the power
for maintaining the designated temperature. Thereafter,
the temperature shift control is performed. Thus, even if
the body temperature of the user decreases due to sleeping
or the like, the air conditioner can provide the user for a
comfortable sleeping environment.

Consider that case ‘that the power of the air
conditioner converges to an operation power of which the
load of the air conditioner is balanceg with the operation
power at a temperature that is different from the
designated temperature (desired temperature) and thereby
the operation of the air conditioner becomes stebLe. The
conventionel air conditioner performs the temperature shift
control corresponding to the difference between the
desiénated temperature and the room temperature, it cannot
detect a metch of the room temperature and the designated
temperature. Thus, the air conditioner may not
occasionally change the designated temperarure. However,
according to the embodiment of the present invention, even

if the operation of the air conditioner becomes stable,



ampunt desi gnating (changi ng) command, a tenperature desi gaati-dg—{ehang-Reg)—
command, or a %.E@Keet‘i%ia&ﬂﬁ'& h{;gi(changl ng) conmand. Correspumdlsn{EEtrO-iASIBEEN
det ermi ned resul responding to the anal yzed jesuItREBLACED

sel ected. Thus, lmmHMD of the air conditioner is SFoppead—orthe ———
desi gnat ed oper xecuted. When the sleep. node is used,a
desired tenperature is designated with - tenperature designating keys.

of the renote controller 14 and then the sl eep node switch button is

pressed. VVtéhﬁ&éStﬁéyaQPeéﬁﬁﬁﬁﬂléﬂSPegéﬁ dé@éc%eH“&ScEQQEEOBEeEhE4

generates an operation signal. Wen the operation signal is received by the

receiving ci (eliiadfhn +18cRPEEALAEoELIIRLOApANALY 7Y BEH bbthSmine an

determned th
occurrence of the stable state of the operation and thereby

7

properly perform the designated temperature shift control.

The present invention is not limited to the above-
described embodimeﬁt. For example, in the above—described
embodiment, as a means for representing tﬁe power of the
air conditioning, the frequency for controlling thé AC
motor was used. However, another means can be used as long
as it.accurately represents the power of the éir
conditioner. For example, by controlling the voltage
applied to a DC motor, the power of the air conditioner
(the number of rotations of the-DC motor) can be ;
controlled.

In addition, as a means for determining whether or not
the power of the air conditioner'that'is operating
approaches a predetermined range necessary for maintaining
a designated temperature, another method using other than
AF' can be used. For example, a method for estimating a
power KO for maintaining the predetermined temperature and
for comparing KO with a present power K of the air
conditioner can be used. In other words, any method can be
used as long as it is determined whether or not the power
of the air conditioner becomes stable at a temperature near

the predetermined temperature and whether or not the power




the operati on—sighatl—represents—the sleep node and the Si S
tenperature (desired tenpeﬁa;ure). Wien the desired tenpgraigsHegTHASBEEN

sl eep node are _' o & an not or 70, the conpresfor 26RePKCED
forth are contr H "he air anmobunt and the tenp EHAFgE
to create a goo ronment. Next, with reference to a flow chart

of Fig. 6, the tenperature control of the a7 conditioner according to the
enbodi ment of the present invention will be described. At step 300, a flag

for causing %fd Ea'xieg%aj:[re%onditioner approaches the predetermined range.

According to the embodiment of the present invention,
the temperature shift control was performed in the sleep
mode. However, the temperature shift control can be
performed in another mode as long as it prevents the
designated temperature from becoming improper due to for
example a change of the body temperature of the user. In
addition, the numbér of times of the température shift
control can be three or moré, not limited to one and two.

As described above, according to the air conditioner
of the present invention, when'the sleep mode or.the like
is selected, the variation of the rotations for controlling
the motor of the compressor is detected. When the
variation converges tb:the predetermined range, the
designated (desired temperature) is shifted (compensated)
to the predetermined temperature. Thus, the air
conditioner of the present invention can provide a user for
a comfortable sleeping temperature environment although the
body temperature of the user decreases. In addition, even
if the load of the air gonditioner is balanced with the
operation power at a temperature that is different from the
designated temperature and thereby the operation becomes
stable, since the stable state can be determined, the same
effect can be accomplished. Moreover, since the

temperature shift control is occasionally performed before



16, tenperature (desired tenperature) shift control to be executed once is
initialized. In other words,."0""is stored in a flag resister fr. At step
302, the desigmated Tenperature to at the present time is stored in the
register. At step:304,. the roomtenperature t is detected by the room

t enperature sensor 80A. At step 306, the absolute value | t - tO| of the
roomtenperature and the designated 2gnperature tOis obtained. The
absolute value [err] t - tOJ[err] is denoted by [err]t and stored in the

regi ?t er. At tﬁgegoggfs’te}'ngnga%%%%r r"é%ic ejso the' fd ns%n%éelaz Zt)éﬂlﬁ&ié;ture.

the present invention contributes to energy saving.
Although the present invention has been shown and
described with respect to a best mode embodiment thereof,
it should be understood by those skilled in the art that
the foregoing and various other chanqgs, omissions, and
additions in the form and detail thereof may be made
therein without departing from the spirit and scope of the

present invention.



i ncr ease/ decr ease ThixSheatHadBeanfReplackd equency F for control

of the conpressor 2 ' aid that the frequency RLior_contrabitag
the AC notor repres tion power of the air conditioner. Thus,
hereinafter, the operation power of the air conditioner, in the case that
the AC notor of the conpressor is controll e corresponding to the frequency
F, is denoted by an operation power F. At step 310, the increase/ decrease
anount [err]F of OoRer a4 . F calculated by the indoor unit 10 is
sent to the out dogu?l%t}nig% %}Zla}%hq"re%éﬁsr'a signal line. At step 312, the outdoor

unit 12 I NCTreases 10 an air conditioner for varying an air conditioning

operation corresponding to At and the variation of At so - @@Emn:
Q 5‘%0%% E%J%%t or J

power and for approaching a room temperature to a
designated temperature, comprising:

determining means for determining whether or not the
conditioning power that is operating approaches a
predetermined range of the air conditioning power required
for maintaining the desired temperature and for outputting
a corresponding signal; and

compensating means for compensating the desired
temperature corresponding to the signal that is output from
said determining means.

2. The air conditionei as set ferth in claim 1,
further comprising:

a switch,

wherein said compensating meéﬁs functions when said
switch is enable.

3. The air conditioner as set forth in claim 2,

wherein said compensating means is adapted for
compensably decreasing the desired temperature when the
operation of said air conditioner is in a mode for heating .
the room. |

4. The air conditioner as set forth in claim 2,

wherein said compensating means is adapted for

compensably increasing the desired temperature when the

Iy



17 decreases the—eperati-on—power—at the tine (namely,

a |l arge anplitude.

—F-af-
£T HAS BEEN

the AC notor) corresponding to the increase/decrease anv
recei ved oper ati Jhis as Be lace& | t ant operation power
I n ot her words,  : wh , I& - I arge, the operation po

s small, the operation power F.is decreased
a small anplitude. Thus, the roomt@&®perature is caused to effectively

approach the designated tenperature. At this point, when an increase

operation of said air conditioner is in a mode for cooling
the room.

5. The air conditioner as set forth in claim 2,

wherein said compensating_means is adapted for
compensably decreasing the desired temperature when the
operation of said air conditioner is in a mode for heating
the room, and

wherein said compensating means is adapted for
compensably inereesing the desired temperature when the
operation of said air conditioner is in e mode for cooling
the room.

6. The air conditioner as set forth in claim 5,

wherein said compensating means is adapted for
compensating the deeired:temperature corresponding to a
change of the body temperature of a user who is sleeping in
the room.

7. The air conditioner as set forth in claim 6,

wherein said compensating means is adapted for
compensating the desired temperature a plurality of times.

8. An air conditioner for air conditioning a room
with a refrigerating cycle using a compressor, a condenser,
an expansion device, and an evaporator, comprising:

a room temperature designating device for designating
a desired temperature of the room; | |

a control mechanism for controlling the power of the

R



signal, for the—freqguencyF s Teceived while the conpressor 26 is being

operated at its,, gaxi ., the maxi mum power ( maxi 0d T T H
mai nt ai ned. The TPaaAe, 'mq”S%mer F' is conpensated HE%%&#ir ggﬁﬁﬁ?%
102F of the outdc H] . ording to various factor 5
current consunpti ccondi tioner at the present tine, the

tenperature of the conpressor 26, and thg;tenperature of outer air. Thus,
the real operation power F is not always changed for [err]F, which is

cal culated by the indoor unit 10. In addition, .the operation power F tends
to converge tGOQHrSE§P§tFBﬁrﬁﬁﬁgpdﬂﬁgttPstﬁél5&5&&?&“9?:?%?W%%ﬂ1 €the air

conditioner. At step 314, it is determ ned whether or. not the sleep
desired temperature designated by said designating device

and the temperature of the room;

determining means for determining whether or not the
power controlled by said control mechanism approaches a
predetermined range of the power necessary for maintaining
the desired temperature and for outputting a corresponding
signal;land

compensating means for compensating the desired
temperature corresponding to the signal that is.output from
said determining means.

9. The air conditioner as set forth in claim 8,

! furtheér comprising: |

a switch,

wherein said compensating means functions when said
switch is enable.

10. The air conditioner as set forth in claim 9,

wherein said compensating means is adapted for
compensably decreasing the desired temperature when the
operation of said air conditioner is in a mode for heating
~the room. |

11. The air conditioner as set forth in ciaim 9,.-

wherein said compensating means is adapted for
compensably increasing the desired temperature when the

operation of said air conditioner is in a mode for cooling

LN O R A



node. has been setected—Wrenmthe deternined result is NO the flow advance
to step 322. At sfep.3 Y0 tored in the flag reg f7;$ﬁU§_7§¥q
if the sleep m)de"'h'll 13 fjs e R Eregd after it is clear ed[-—l Thig §HE é@??

shift (conpensatio* ll&u «E erformed. Thereafter, |lthe £ RERHA ns. tip

step 302. At step described process is repeated. On the
ot her hand, when the determ ned result at %5ep 314 is YES (nanely, the
sl eep node has been sel ected), the

the room.

12. The air conditionef as set forth in claim 9,

wherein said compensating means is adapted for
compensably decreasing the desired temperature when the
operation of said air conditioner is in a mode for heating
the room, and

Wherein said compensating means is.adapted for
compensably increasing the desired temperature when the
operation of said air conditioner is in a mode for cooling
the room.

13. The air conditioner-as set forth in claim 12,

wherein said compensating means is adapted for
compensating the desired temperature corresponding to a
change of the body tehperature of a user who is sleeping in
the room. V

14. The air conditioner as set forth in claim 13,

wherein said compensating means is adépted for

compensating the desired temperature a plurality of times.

R



flow advances to the—nrext—step 316. At step, 316, the operation power F .

318, the mcrd f the indoor unit 10 conpar ¢s_theRFBEACERD

obt ai ned by the m croco ur]er 102F of 't'he outdoor unit [FEFs=scwm O
t he out door - Gis $h fm fHoor unit 10 through a si gfialfHIS ﬂéEETAHASBEEN

operation po operation power3¥F stored before a predet
time and cal cul ates the increase/decrease anount [err]F of the real
operation power. When [err]F is a large positive value, the |oad of the
air conditioner has been increased (nanely, a wi ndow or a door has been
opened or the room tenperature exceeds the

AIR CONDITIONER

- ABSTRACT

An air conditioner is disclosed, comprising a means for detecting a frequency

e for controlling an AC motor of a compressor (26), a means for determining whither or
not the variation width of the frequency during the operation converges to a
predetermined range, and a means for shifting the designated temperature for a
predetermined temperature when the variation width of the ﬁequemy converges to the
predetermined range, wherein the temperature is shifted when the variation width of the
frequency decreases and converges to the predetermined range while an operation for
approaching the room temperature to the designatéd temperature is performed. Thus,
even if the.body temperature of a user decreases because for example, he is sleeping,
the stable state q} the op&aﬁon can be accurately determined and thereby a comfortable

- temperature is maintained.

Figure 3.



de&sgnat ed tenperature). Thus, at this point, ‘a large operation power is
required. On the other hand, when [err]F is a |large negative value, the
| oad of the air conditioner has been decreased (nanely, the designated
tenperature has been changed). Thus, the required operation power becones
smalI.  Wen the absolute value of [err]R,ds small, the 20 after the
start of the air conditioner, the content "of the flag resister fr is kept
to "0" so that the tenperature shift control is perforned after an el apse
of the

FIG |
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‘designated time period. At step 328, it is determ ned whether the cooling
node er the heating node has been sel ected. When the determined result is
the cooling node, the flow advances to step 330. Wen the deternined result
is the heating node, the flow advances to step 332. At step 330, the value
of the designated tenperature to stored bpgthe designated tenperature
register is read. The val ue of 2 [err] added to to is stored in

t he designated tenperature resister. Thereafter, the flowreturns to step
302. At step 302, the tenperature control is performed corresponding to the
designated tenperature increased by 2 [err] O course, since the val ue of
the flag .
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rengter fr is "1", the designated tenperature shift control is not
performed. Unless the sleep node is cleared, the changed desi gnated
tenperature is maintained. Thus, the roomtenperature is not abnormally
changed. It should be noted that an automatic tenperature restoring
function can be provided so that the inBygally designated tenperature is
restored when the sleep node is cleared after the tenperature shift control
is performed. At step 332, the value of the designated tenperature 21

TOE 112A

24

26

26 COMPRESSOR
7OE FAN MOTOR



tOStores in the designated tenperature resistor is read. The val ue of
2 [err] subtracted fromtOis stored in the designated tenperature
regi ster. Thereafter, the flowreturns to step 302. At step 302, the
tenperature control is perforned for the designated tenperature decreased
by 2 [err]. Likew se, while the designatgegtenperature is naintained, the
tenperature control is perforned. In ﬁmeﬁodi ment, 2[err] was used as '
the tenperature shift anount. \ the tenperature shift anount
.shoul d be designated corresponding to the tﬁﬁical t enper ature decrease
I

of the usqp.who is sl BOWERRELAYhus, thd!NR@EEUNUle shift amount may be
ot her than 2\C. Alterna4pg{3y;t he tenperature shift anmount may _§®ect ed

by the user. ¥s "CONTROL | - '
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anofher alternative nethod, the tenperature shift anount may be a function
of the roomtenperature or a function of the designated tenperature, not a
constant thereof. As a further other alternative nmethod, the tenperature
shift anount in the heating node may be a function that is different from
the function of the tenperature shift aggH%t-in t he cooling node. Thus, the
tenperature shift anmount can be sel ected“corresponding to each application.
Figs. 7 and 8 are graphs showi ng tine changes of the room tenperature t in
t he case that the above-described operati on power contr(ég S Egrfor%gd.
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22 tenperature t in the case where the roomtenperature t is caused to
approach the designated tenperature tOin the heating node. In Fig. 7, a
solid line 400 is a curve that represents a time change of the room
tenperature t in the case where the tenperature shift control is perforned
corresponding to the embodi ment of the i®¥8ntion. A dashed line 402 is a
curve that represents a tine change of the roomtenperature t in the case
where a conventional tenmperature shift control is performed. On the solid

line 400, after the start of the
| FIG. 6
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operation, the roomtenperature t increases fromthe initial room
tenperature ts and asynptotically approaches a straight |ine 404 that
represents the designated tenperature to. In this case, the variation width
[err]F of the real operation power gradually decreases. Wen the solid

| ine 400 reaches a small circle 408, it7/igs determined that [err]F is T
(for exanple, 3 Hz) or less. Thereafter, the designated tenperature tOis
shifted to tO- 2 [err]. Thus, the solid line 400 asynptotically approaches
a straight line 406. Consequently, the roomtenperature t is maintained at
the designated tenperature tO- 2 [err]. On the dashed line 402, after the
start of the operation, the roomtenperature t increases fromthe
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initial roomtenperature ts as with the solid line 400. However, when the
roomtenperature t al nost accords with 23 the designated tenperature tQ
‘the designated tenperature is shifted to tO- 2 [err]. Thus, the dashed
line 402 parts fromthe solid |line 400. Thereafter, the dashed |ine 402
asynptotically approaches the straight Igiyge 406. Thus, the room tenperature
t is-maintained at the designated tenperature tO- 2 [err]. Fig. 8 is a
graph showi ng a time change of the room S :
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'terrper/ature in the case where the roomtenperature t is
t fe- deS|gnated tenperature tOin the cooling node. 1In
line 420 is a curve that represents a time change of th
in the case where the tenperature shift control is perf s
to the embodi ment of the invertion. A dashed |ine 422 is a curve that
represents a tine change of the roomtenperature t in the case where the
conventional tenperature shift control is performed. On the solid line 420,
after the start of the operation, the roomtenperature t decreases fromthe
initial roomtenperature ts. Thereafter, the solid |line asynptotically
approaches a straight |ine 424 that

AIR CONDITIONER

BACKGROUND OF THE INVENTION

The present invention relates to an air conditioner for exchanging heat
with a refrigerant so as to adjust a room temperature to a designated temperature
and for shifting a designated temperature to a predetermined temperature under a
predetermined condition when a user is sleeping.
< S z= - -Z.7  : An air-eonditiofSr has acompiessor for compréssing a refrigefant. Tt - - T -

executes a refrigerating cycle exchanging heat with the refrigerant so as to execute
a controlled operation for causing the room temperature to approach the designated
temperature.

A conventional air conditioner performs the following control operation
for causing the room temperature to approach the designated temperature: the air
conditioner performs a fuzzy operation corresponding to the difference At between

~ the designated temperature and the room temperature, and the variation thereof. It
also calculates an increase/decrease in the frequency controlling an AC motor of a
compressor. Corresponding to the increase/decrease in the frequency, the air
conditioner increases or decreases the operation power of the AC motor so as to

cause the room temperature to asymptotically approach the

s /



represgnts the designated tenperature tO In this case, t [JeRERUAGHM
[67r]F of the real operation power gradually decreases. ||We e
line 420 reaches a small circle 430, it is determned th '
exanple, 3 Hz) or less. At this point, the frequency for
t he designated tenperature is designated. 2Thus, the designated tenperature
I s mai ntai ned. Thereafter, the designated tenperature tOis shifted

to tO+ 2fer r&ésign-gpeﬁstémiag%tusrg.l Iircll ah&iﬂgn,4 ga?rs%gyitti%}lércc%lnll ensates the real

operation power for various factors, such as the current consumption, the
temperature of the compressor, and the outside temperature at that time.

However, when the air conditioner performs the control operation while
the user is sleeping, due to the fact that the body temperature of the user decreases
while he is sleeping, it cannot provide the user with a comfortable sleeping
environment. In other words, the user designates a temperature while he is awake,

not a temperature while he is sleeping. When the body temperature of the user

decreases while he is sleeping, he feels too cold in a cooling mode of the air

—— —

- 777 " conditioner andl to6 Tiot indheating mode. — = - : - -
—  ~To solve such a problem, when a conventional air conditioner determines
that the room temperature accords with the designated temperature, it increases the
designated temperature to a predetermined temperature when in the cooling mode
and decreases the desighéted temperature to another predetermined temperature in
the heating mode so as to handle a desirable temperature change during sleeping.
It takes a long time until the room temperature reaches a designated-
temperature. Thus, the room temperature does not easily accord with the

designated temperature. Consequently, it is very difficult to



approaches a straight line 406. The roomtenperature at|
tshe -d&si gnated tenperature tO+ 2 [err]. Wen the deS'dwaﬁégﬁ#gﬁﬁeﬁﬁgﬁT
shift control is perforned twice, the follow ng contrgl " QBR n
- the room tenperature t approaches the shifted desifgn Q%H """ r@nneratur t
+ 2 [err], the variation width [err]F of the operation power decreases.
When the solid line 420 reaches a small circle 432, it is determ ned that
[err]F is T (for exanple, 3 Hz) or |ess once again. Thereafter, the

desi gnat ed gé%ﬁéﬂépﬁrEHQShﬁgzTQﬁr?o?@ EempPeERtYEL  2PG0BAs o¥i Fhohhe agai n.
Thus, the control operation for the designated tenperature tO + 3 Lerr] S
perforned. @asimeddisimengture22 Whenecihe Heoem gkemperapere approache

a predetermined range of the desired temperature, -the air
condifioner determines that the room temperature accords
with the desired temperature and performs the above-
described temperature shift control.

-However, when the amount of the load of the air

conditioner is balanced with the operating power, the air

_-f;ﬂ{;gbﬁdiiioﬁénmfriés.tb cdi&erge;tbithefbéiéﬁééﬁ state. ~“In
- - other words, the air conditioner stably operates in the
condition that the room temperature does not accord with, -
the designated temperatﬁre.- In this case, the air ‘
conditionexr does not perform the above-described
temperature shift control. Thus, the air conditioner
cannot provide the user with a temperature correspondihg to
his decreased body temperature.
' R THE IN N
The present invention is made from the above-described
point of view. An object of the present invention is to
properly perform the temperature shift control in the
stable operating state fo:'improving sleeping
comfort and to properly _perform the designated
temperature shift control for energy saving.
| The presént invention is an air conditioner for

varying air conditioning power and for caysing a
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qperatixon, the roomtenperature t decreases fromthe if
tefrpefature ts as with the solid |ine 420. However, wh
tenperature t alnost accords with the designated tenpetlature
designated tenperature is shifted to tO+ 2 [err]. Thug| P& iae :
422 parts fromthe solid Iine 420 and asynptotically approaches a straight
line 426 that represents the designated tenperature tO+ 2 [err]. Thus, the

roomtenperature t is 25 maintained at th desit%Hat ed tegBerature.t.O + 2
[err]. room temperature to approach a designa temperature, comprising

(1) a determining means for determining whether or not the

conditioning power that is operating approaches a _
predetermined range of the air conditioning power required
for maintaining the desired temperature and for outputting
‘a corresponding signal, and (ii) a compensating means for
compensating the desired temperature corresponding to the
signal that is output from the determining means.

- - - p

~ iz - TTRccording to- the 'q'Ji;esent inventidn, -whenr the air- - . 7.7

- conditioner : .éperauaatn cause .o the room -
temperature to approach the des:l.red ténperamre, Ithe air .-
conditioning power necessary for the control qperation
gradually approaches the air conditioning péwer for
maintaining the desired temﬁerature. In this case, when
the air cbnditioning'power at the present time approaches a
predetermined range of the air conditioning power for
maintaining the desired temperature, the desired
temperature is compensated. Thué, a situation where . a
proper desired temperature becomes an improper temperature
due to a variation of the body temperature of the user can
be prevented. In addition, when the control operation
becomes stable in the condition that the room temperature
does not accord with the deéired temperature,_if it is

determined that the air conditioning power during the

control operation approaches the air conditioning power for
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As desqsibed above, according to the embodi ment, when tffe T E&p
[err] F of the frequency for controlling the AC notor cﬁ%jﬂ‘g’
predeterm ned range, it is determ ned that the power of tﬂ% A I Bd_ ondf
that is operating approaches the predeternined range of ||t power-far "

mai nt ai ni ng the designated tenperature. ¥hereafter, the tenperature shift
control is performed. Thus, even if the body tenperature of the user
decrease due to sleeping or the like, the air conditioner can provide the
user with aMedirGirHie e dgeniredyvtPORREAtUrEontPBefePhE®dase where the
power of the air conditioner converges to_an operation power where t he
| oad of t he tamper@ioine crercompeasahedd wibHSt: hevepeidt b control

operation becomes stable, since the desired temperature is
properly compensated, the air conditioner can provide the
user with a comfortable sleep environment.

These and dther'objects; features and advantages of
the present invention will become more apparent in light of
the following detailed description of'é best mode |
.= - -~ embodimert fhereof: as illustrated in'tﬁéfaccéﬁbéﬁyihﬁf e
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS .-

Fig. 1 is a block diagram showing!an air conditioper
according to an embodiment of the“present invention;

Fig. 2 is a side view showing an inner construction of
an indoor unit of the air conditioner according to the
embodiment of the present invention;

Fig. 3 is a schematic diagram showing a refrigerant
circuit of the air conditioner according to the embodiment
of the present invention;

Fig. 4 is an electric circuit diagram of the indoor
unit of the air conditioner according to the embodiment of
the present invention;

Fig. 5 is an electric circuit diagram of an outdoor

unit of the air conditioner according to the embodiment of

the present invention;



power at a tenperature that is different fromthe desigfjat TSHEET
(desired tenperature) and thereby the operation of the
beconmes stable. The conventional air conditioner perfor

rgﬂ_ptomm
( : étbﬁgwyre
shift control corresponding to the difference between t ' '

tenperature and the roomtenperature, it tannot detect a match of the room
t enperature and t he desi gnated terrperature Thus, the air condi ti oner may

he embodi moe Bt EHbSrasds tF OB Fom “BAK™, {MERICME e SRR i 7
condi ! t-' oner becorrein ﬁ{lggln%odlment, an air conditioner that has the three levels of air
amount will be used as an example. However, the above-described three _levels of
_air amount are basic exemplary construction in this embodiment. Thus, the
embodiment can be épplied to other constructions in which the air amount is varied
in several other levels (including for example "breeze", "high power", etc.), or the |
air amount is gradually vaned rather than changed in the fixed levels.
_ In addition, the remote controller 14 according to the embodiment has a
"sleep mode" designating key. With the "sleep mode" designating key, a program
-= . for éontré'ﬂing airamount, téﬁlpéféune, and so- forth for a'éomféi‘—t_at')lé—sleéi;_ihg
environment is executed. | '
In the sleep mode, due to the fact that the body temperature of the user
who is sleeping is lower than the body temperature of a user who is awake, a
function for shifting the room temperature to a lower temperature than the
designated temperature in the cooling mode and to a higher temperature than the
designated temperature in the heating mode is provided.
In this embodiment, as a means for sending operation signals of the
remote controller 14 to the indoor unit 10, rédio waves such as infrared rays are

used. The indoor



26_sinae the air conditioner can detect a decrease of t asol Ut e VS&E& f
t e power difference AF of the operation power, it can 1 RERLAGRMENT .-_T

occurrence of the stable state of the operation and the'gé)% Qgpms '
performthe designated tenperature shift control. The pf Bt rnventTon i

not limted to the above-described enbodi 8ent. For exanpl€, in the
~above-descri bed enbodi nent, as a neans for representing the power of the
air conditionin%,ﬁbhe frequency. for controb&%gg t he AC nptor was used.
However, anoth& ah@sScEn 5P EENMHY | tDRe ARREISS rehfesents the
power of the air conditioner. For exanple, by controlling the voltage

appl i ed to alDETABEEr TENS (Bigr 4df (The optiicat medsey @ABrwillHee deatribedf

rotations of the DC notor) can be controll ed.
later.

When an ope:atioﬁ.sﬁn@l sent from the remote
controller 14 is received by the optical sensor 76B of the
indoor unit 10, the ‘air conditioner controls the room
temperature, humidity, and so forth corresponding to the

code of the received operation signal. It should be noted

= — that “the Temote coitroller 14 Gan be Gonnected to the -
indoor unit with a signal line.

As shown in Fig. 2, the indoor unit 10 is covered by a
casing 202. The casing 202 is detachably securgd to thé
upper and lower edges of a mounting base 200. A cross flow
fan 204 is disposed at a center portion of the casing 202.
The cross flow fan 204 is driven by a ~ fan
motor 70E (that will be described later). The cross flow
fan 204 sucks air into the room fram a vent opening 206,
through various filters 208 and a heat exchanger 16, and
supplies the resultant air to the room through an air path
210. The air path 210 has a horizontal vane 212 and
horizontal flaps 214 so as to adjust the direction of the
air supplied to the room.

A drain pan 216 is integrally disposed at the casing
202 at the lower portion of the heat

exchanger 16.



In_addition, as a means for determ ning whether or notERe f=th i r
conditioner that is operating is approaching a predetg IBERMCEWSHEET

necessary for maintaining a designated tenperature, anpther ﬁgﬂ& ng i
ot her than AF' can be used. For exanple, a nmethod for |p&eterta: &er KO
for maintaining the predeterm ned terrperatllﬁ’re and for -

present power K 'of the air conditioner can be used In ot her words, any

nmet hod can be use long as it ca det errg he power
of the air conditg%ﬁ%?teﬁg 935‘35 r}elb)ét 2 % hﬁz}ﬂ the&t‘mé

pr edet er m ned teng&ratur and et her or not the foower 27 ,poe air
condi ti oner HPpPBELRBE BAE FHERSYENE RSy ICGEge Reterence e 1 1S

a fan motor that forms an indoor air supplying device

along with the cross flow fan 204. The fan motor llZA and
the fan motor 70E cause air to be supplied to the outdoor
heat exchanger 28 and the indoor heat exdhanger 16,
respectively.

Fig. 4 shows an electric circuit of the indoor unit

= ~— ~ - 107" "The’ eiectrlc crrcuxt ‘has a power supply- board"?O-and a-
control board 72. The power supply board 70 haS"a drive T
circuit 70A, a motor power supply circuit 70B, a control
circuit power supply circuit 70C, an&wa serial circﬁit
power supply circuit 70D. The drive circuit 70A is
connected to the fan motor 70E that controls the amount of air
supplied to the room. The motor power supply circuit 70B
generates the power for driving_varibusﬁmotors. The
control circuit power supply circuit 70C genegates power
for the control circuit. The serial circuit power supply
circuit 70D generates power for the serial circuit.

The control board 72 has a serial circuit 724, a drive
circuit 72B, and a microcomputer 72C. The serial circuit
72A is connected to the serial circuit power supply circuit
70D. The drive circuit 72B drives a motor. The
microcomputer 72C functions as a control circuit. The

drive circuit 72B is connected to an up/down flap motor



Accordixng to the enbodi ment of the present invention,
control was perfornmed in the sl eep node. However, the |
control can be perforned in another node as long as it

RERACERETLEREEr |

1--é-n-'..a:--(‘ﬂ

designated tenperature from becom ng i nproper due to

of the body tenperature of the user. In adilition, the nunber

(0]

f

t

i mes

it not to

of the

the tenperature shift control occurs can be three or nore,
one and two. descri bed above, according to the_air conditioner
present invemt#om, 1ShEM1GREsFéBp FRFOTS /ARe 3Pk d4Cs 88Mcft &dOFh&ensor

vari ation of the freguenc for controlling the rotation of the notor of

the. conpresd¥tes
pr edet er mi ned_range, the

ect Ba® WASACHRe THAP BOIOR (4hvEPgELcasLEhEOves a

flap. The floor sensor motor 74D rotates a floor sensor

that detects the temperature of the entire surface of the

floor.

The microcomputer 72C is connected to a display LED,

an optical sensor 76B, and a receiving circuit 76A.

display LED is disposed on the display board 76 and

The

circuit 76A receives an operation -signal as infrared rays-

through the optical sensor ¥6B £rom the remote controller

14.

i

In addition, the microcomputer 72C is connected to an

area LED and a floor sensor. The area LED is disposed on a

sensor board 78 and displays the temperature detected at an area

of the floor.

The remote controller 14 causes the air conditioner to

drive the flap motors 74A, 74B, and 74C in order to change the flap

angles and so forth, thereby selecting each of the

heating

mode, cooling mode, dry mode, automatic operating mode,

sleep mode, and so forth and changing the designated

temperature, and changing the amount of air supplied.

Moreover, the microcomputer 72C is connected to a room

temperature sensor 80A, a heat exchanger temperature sensor

80B, and a humidity sensor B0C. The room temperature

- - ?~7-§ispléy5“an'6§Erati6n mode_and so forth. . The receiviag-.  ——.

an



design%led (desired tenperature) is shifted (conpensafEegL_Io
priedet erm ned tenperature. Thus, the air conditioner df éﬁ'é‘%é@g@FISHEET
i nvention can provide a user with a confortable sleepi ng t e@p2r AIG: 1996

envi ronnment al t hough the body tenperature of the user |d Peageg

addition, even if the load of the air concdii'%ioner I's balanced wth the
operation power at a tenperature that is different fromthe designated

tenperature and thereby the operation beconmes stable, since the stable
state can beSgesernBRad detiestsphefFeet PR Hicdnpl TRdeatbr eover,

since the tenperature shift control is occasionally perfornmed before
exchanger temperature sensor 80B detects the temperature of

the refrigerant coil of the indoor heat exchanger.16. The

humidity sensor B80C detects the humidity of the room.

Furthermore, the microdomputer 72C is connected to a self

diagnosis LED,_an operation selection switch, and a self

diagnosis switch that are disposed on the switch board 82.

The operation selection switch selecfs.one of thé heating
R 'ﬁé&é,*the;coéiihéﬁmeaé, theéary‘mééggiénd the automatic ---
operation modé.

Display LEDs corresponding=to the "heating mode" , .

"cooling mode", "dry mode", "auFomatic-operation mode", and

"sleep mode" are disposed on the display board 76 and light
in accordance with the selected operation modes.

' Fig. 5 shows an electric circuit of tﬁe outdoor unit
1l2. This electric circuit has a rectifier circuit 100 and
a control board 102. Terminals (1) to (3) of the electric
circuit of the outdoor unit 12 are connected to the
electric circuit of the indoor unit 10 shown in Fig. 4.

The control board 102 has a serial circuit 1022, noise
filters 102B, 102C, and 102D, a switching power supply
circuit 102E, and a microcomputer 102F. The serial circuit
102A is connected to the serial circuit power supply
circuit 70D of the indoor unit 10. The noise filters 102B,

102C, and 102D remove noise. The switching power supply



I Avention contri butes to energy saving. Al though the pr
been shown and described with respect to a best node er'ng'

28 thg}'roomterrperature reaches the designated terrperat ubgp % Wﬁ@fﬁ |
P rrdu Viﬂé :

sessuvessssressseansenndnpans

shoul d be understood by those skilled in the art that t
vari ous ot her changes, om ssions, and addBtions in the form and detai |
t hereof nmay be made therei n W t hout departing fromthe spirit and scope of
the present invention.
circuit 102E generates power for sw1tch1ng the inverter 104. The microcomputer
102F functions as a control circuit.
The switching power supply circuit 102E is connected to the inverter 104.
The inverter 104 is connected to the compressor 26, which compresses the
refrigerant.
The microcomputer 102F is connected to an outer air temperature
thermistor 110A, a coil temperature thermistor 110B, and a compressor
temperature thermistor 110C. The outer air temperature thermistor 110A is an

outer temperature sensor that detects the temperature of the outs1de air. The coﬂ

T temperature thermistor 110B is acoll teniperature sensor that detects the
~ temperature of the refrigerant coil of the outdoor heat exchanger 28. The
compressor temperature thermistor 110C is a temperature sensor that detects the
temperature of the compressor 26.
.- The noise filter 102B is connected to a fanimotor 112A and a fan motor
condenser 112B. The fan motor 112A supplies air to the outdoor heat exchanger
28. In parallel with the fan motor 112A and the fan motor condenser 112B, is the
four-way valve 27, which valve changes the flow direction of the refrigerant

supplied from the compressor 26. The valve 27 is also connected in parallel with

the noise filter 102B.

Next, the operation of the embodiment of the present invention will be

described. First, normal operation



29 V\_hal_t is clained is: 1. An air conditioner for vary fHEFlIAOEMENTSHEET
condi t1 oni ng power and for approaching a roomterrpera
tenperature, conprising: determ ning neans for deterng
the conditioning power that is operating approaches a
of the air conditioning power required f mai nt ai ni ng the de5|red

tenperature and for outputting a correspondi ng signal; and conpensati ng

nmeans for conpensating the desired tenperature correspondi ng to the signal
that is out puitllf k@ndescribed.

When the remote controller 14 is operated in the
operation "stop" state and an operation signal is received by
the receiving cifcuit 76A, the code of the received
operation signal is analyzed.

It is detérmined whether or not the analyzed result is
a "power on" command or a "timer" designating command . In the

"oower off" state, some o’peration signals of, for example, the

- . g o o =

.éﬁ-*'- 'u-ttemperature*de51gnatlng'cammand and &fr amount de31gnat1ng
command are canceléd. Thus, whén such operation signals
are input, they are not accepted .and the_receiving circuit
7 is kept in the receiving state.

_ _ . ;

When a timer designating cqmmand is detected, the user
of the remote controller 14 can designate the timer so that
the air conditioner will éperate at é'predetermined time
(for example, two hours later). Thus, the remote
controller 14 outputs a corresponding operation signal to
the air conditioner and thereby the timer (on time) is
designated in the air conditioner. Thus, the air
conditioner will automatically operate two hours later.

When a "power on" command is detected, the éir
conditioner starts in the designated mode of the last
operation.

Thereafter, when an operation signal is received from

the remote controller 14, the code of the received



sai d deternining means. 2. The air conditioner as set &ﬁ#iRCEﬁFﬂfﬁﬁE
further conprising: a switch, wherein said conpensati|pg neiﬂs uncti ons
when said switch is enable. 3. The air conditioner a Lo of & AUGN19%ai i 2,
wherein said conpensating neans is adapted for conpe VST EaST R ife
desired tenperature when the operation ¢ said air conditioner is in a node

for heating the room 4. The air conditioner as set forth in claim 2,

wherein said conpepsat i ans i s adapted f.or..
opeég%{Bn sgangg is ana%yggd and it is determined whether

or not the analyzed result is a power off command, an air
amount designating (changing) command, a temperature
‘designating (changing) command, or a timer designating
(changing) coﬁmand. Corresponding to the determined
result, an item corresponding to the analyzed result is
selected. Thus, the operafion of the air'conditioner is
stopped or the designated operation méde'is exééutea.
= -FQ = '"?;when'the sieep'méﬁé.is hsed;“E“dési§édffem§€fatﬁré;iéﬁf'.-;:

designated with the temperature designating keys of the
remote controller 14 and then the slgep mode switch button
is preéégd, With_this key operation sequence, the remote
controller 14 gengrates an operation signal. When the
operation signal is received by the receiving circuit 76A,
the operation signal is analyzed and it is determined that
the operation signal represents the sleep mode and the
designated temperature (desired temperature).

When the desired temperature and the sleep mode are
designated, the fan motor 70, the compressor 26, and so
fqrth are controlled so that the air amount and the
temperature are changed to create a good sleeping environment.

Next, with reference to a flow chart of Fig. 6, the
temperature control of the air conditioner according to the
embodiment of the present inyeﬁtion will be described.

At step 300, a flag for causing a designated



conpensably increasing the desired tenperature when th
sdaid air conditioner is in a node for cooling the roomj|5. T
conditioner as set forth in claim2, wherein said conpghgatd:
adapted for conpensably decreasing the desired tenperat
operation of said air conditioner is in agmode for heating t
wherei n said conpensating neans i s adapted for

temperature (desired temperature) shift control

| REPBRCEMENTISHEETO

i bl Jons..

he room and

to be

executed once is initialized. In other words, "O" is

stored in a flag resister fr.

At step 302, the designated temperature tO

at the

present time is stored in the register. At step 304, the room

temperature t is detected by the room temperature sensor

80A.

At step 306, the absolute value | t - t0 | of the room

I _ -tetiperature and the desighated ﬁ%mﬁéféfﬁféjtblié;bﬁtaiﬁeai'*

The absolute value [t - t0 | is denoted-by At and stored

in the register.

Af step 308, the indoor unit 10 performs a fuzzy logic

|
operation corresponding to At and the variation

of At so as

to calculate an increase/decrease amount AF of a frequency

F for controlling the AC motor of the compressor 26.

It can be said that the frequency F for controlling

the AC motor represents the operation power of the air

conditioner. Thus, hereinafter, the'operation power of the

air conditioner, in the case that the AC motor of the

compressor is controlled corresponding to the frequency F,

is denoted by an operation power F.

At step 310, the increase/decrease amount AF of the

operation power F calculated by the indoor unit
to the outdoor unit 12 through a signal line.

At step 312, the outdoor unit 12 increases

10 is sent

or




conpensably increasing the desired tenperature when t
ai‘r conditioner is in a node for cooling the room 6.
as set forth in claimb5, wherein said conpensating ne
conpensating the desired tenperature corresponding t¢ M-—LNe DI
tenperature of a user who is sleeping in the room 7. The air conditioner

ﬁ@ﬁf&é’éﬂnéﬂT% g

e air conditione

Bt &, ROANG 2998, 0r.

e
p—a-—oH-ahoe-—O

as set forth in claim®6, wherein said conpensating neans is adapted for
conpensating the desired tenperature a plurality of times. 8. An air
condi ti oner demresges otk t operayianr poweni Fhad tber tgeeal nagedyel ghesing a

conpressor,

~de81gnated=temperature;— At-thls point; wheﬁ'an xncreaée TR

a condenser,
frequency F of the AC motor) corresponding to the

increase/decrease amount AF of the received operation
power. The resultant operation power is denoted by F}._ In
other words, when AF is large, the operation power F is
increased t© a large amplitude. When AF is small, the
operation power F is decreased to a small amplltude.

Thus, the room temperature is caused to effectlvely appcroach the

" signal for the frequency F is Teceived while the compreéssor

26, 1is being operated aﬁits maximum power, the maximum. .
poyer (maximum frequency) F is maintained.

| The real operation power F' is compensated by the
microcomputer 102F of the outdoor uhit 12 according to
various facfors such as the current consumption'of the air
conditioner at the present time, the temperature of the
compressor 26, and the temperature of outer air. Thus, the
real operation power F' is not always changed for AF, which
is calculated by the indoor unit 10. In addition, the
operation power F' tends to converge to an operation power
that is balanced with the load of the air conditioner.

At step 314, it is determined whether or not the sleep.

mode has been selected. When the determined result is NO,
the flow advances to step 322. At step 322, "0" is stored

in the flag register fr. Thus, even if the sleep mode is



an expansi on device, and an evaporator, conprising: g REPUACENENTSHBET
designating device for designating a desired tenperatjure of atRe a
control nechanismfor controlling the power of the @htecog.néf&ﬁ&..
corresponding to the difference between the desired tlerperatrore=—desSron
by said designating device and the tenpei&ture of the roonm deternning
nmeans for determ ning whether or not the power controlled by said control

mechani sm appr oaches a
selected after it is cleared, the temperature shift

ed

(compensation) control is performed. Thereaftérﬂ the flow
returns to step 302. At step 302, the above-described
process is repeated.

On the other hand, when the determined result at step
314 is YES (namely, the sleep mode has been selected), the
flow advances to.the next step 316.

At step 316, the operation power F' obtained by the
LI T .;hicréééhﬁuteledé%“ﬁf'the76ﬁtd63¥lthiiEEZTiﬁf%entlféométhé
“outdoor unit-lz to the indoor unit 10 through a signal
line. |

' At step 318; the microcomputer 72C Qf the indoor unit
lO compares the received operation power F' with the
operation power F stored before a predetermined time and
calculates the increase/decrease amount AF' of the real
operation power.

When AF' is a large positive value, the load of the
air conditioner has been increased (namely, a window or a
door has been opened or the room temperature exceeds the
designated temperature). Thus, at this point, a large
operation power is required. On the other hand, when AF'
is a large negative wvalue, the load of the air conditioner
has been decreased (namely, the designated temperature has
been changed). Thus, the required operation power becomes

small. When the absolute value of AF' is smallé the



predet erm ned range of the power necessary for maint gFFRg—the=desFrod
t enperature and for outputting a correspondi ng signal(f REREACEMENTSRHEET]
means for conpensating the desired tenperature corregpondi n zwi@g al
that is output fromsaid determ ning nmeans. 9. The ailf Dotendit fhed. 285 git
forth in claim8, further conprising: a switch, whererm sard conpensattg
means functions when said switch is enabR€. 10. The air conditioner as set

forth in claim9, wherein said conpensating neans is adapted for
after the start of the air conditioner, the content of the

flad resister fr is kept to "0" so that the temperature
shift control is performed after an elapse of the
designated time period.

At step 328, it is détermined whether the cooling mode
or the heating mode has been selected. When the determined
result is the cooling mode, the flow advances to step 330.

When the determined result is the heating mode, the flow

T L advandes 4o step 382.Tm - T v ST U me o

At step 330, the value of the designated teémperature
t0 stored in the designated temperature register is read.
The value of - 2 °C added to t0 is stored in the
designated temperature resister. Thereafter, the flow
returns to step 302. At step 302, the temperature control
is performed corresponding to the designated temperature
increased by 2 °C. Of course, since the value of the flag
register fr is "1", the designated temperature shift.
control is not performed. Unless the sleep mode is
cleared, the changed designated temperature is maintained.
Thus, the room temperature is not abnormally changed.

It should be noted that an automatic temperature
restoring function can be provided so that the initially
designated temperature is restored when the sleep mode is
cleared after the temperature shift control is performed.

At step 332, the value of the designated temperature



conpensabl y decreasing the desired tenperature when E $all d
akr conditioner is in a node for heating the room 1}. ?ﬁﬂg gKELo er
as set forth in claim9, wherein said conpensating :

conpensably increasing the desired tenperature when 80(5Mt'1"ﬁﬁ """ ol MY

air conditioner is in a node for cooli 29 What |s claimed is: L.
An air conditioner for varying an air conditioning power and for

t0 stores in the designated temperature resistor is read.

The value of 2 °C  subtracted from t0 is stored in
the designatea temperatﬁre register. Thereafter, the flow
returns to step 302. At step 302, the temperature confrol
is performed for the designated temperature decreased by 2
°C. Likewise, whi;e the designated temperature is
maintained, the tempereture contrel is performed.

In the, embod:.ment 2°C was used as the temperature Shlft

-lxadesnmuuxd.amnfspmrhng to the typiral temperature decrease of

the user who is sleeping. Thus, the temperature shift
emount may.be other than 2 °C. Alfernatively, the
temperature shift amount may be selected by the user. As
another alternative method, the temperature shift amount
may be a function of the room temperature or a function of
the designated temperature, not a constant thereof. As a
further other alternative method, the temperature shift
amount in the heating mode may be a function that is
different from the function of the temperature shift amount
in the cooling mode. Thus, the temperature shift amount
cah be selected corresponding to each application.

Figs. 7 and 8 are graphs showing time changes of the
room temperature t in the.case that the above-described

operation power control is performed.

Fig. 7 is a graph showing a time change of the room

;:* T . amounts T - HoweVer~~the.temperature shxft amdnnt sHeuId sl



causing a roomtenperature to approach a designated tenpe )
cohprising: determ ning neans for determ ning whether off M ENTr SHEET
air conditioning power is approaching a predeterm ned r E%e 1} 2 Ga'

condi tioni ng power required for maintaining the design 1§ enperat-ure-an
for generating a correspondi ng signal; agd conpensating neans Tor changrng
the designated tenperatures in accordance with the signal that is generated
by said deternmi ning neans. -2.. The air_ conditioner as set forth in claim
1, further COMBETETFS & SR tehe GREE MRS the cHAPRNERPPRER FEERs tf difct i ons
when said swtch is enabled. 3. The air conditioner as set forth in

claim2, wherused $aj arrreadetbatdesiondieds terpeEptemeB? HackReshRgting

desi gnated tenperature when the operation of said air conditioner is in a
node for heBPAfg t H& Fig. 7, a solid line 400 is a curve that

ure,

represents a time change'Of the room temperafure t in the
case vwhere the temperature shift cdptrol is performed
corresponding to the émbodiment efthe invention. A dashed line 402 is a
curve that represents a time change of the Toom temperature
t iﬂ the case where a conventional temperature shift
=TT oonkfol tesperfofmed: T . = — - T L
- - On the solid line 400, after the start of the -
operation, thé room temperature t incre?ses from the |
initial room teﬁperature t§ and asymptotically approaches a
straight line 404 that represents the designated
temperature tO0. In this case, the variation width AF' of
the real operation power gradually decreases. When the
solid line 400 reaches a small circle 408, it is determined
thét AF' is T (for example, 3 Hz) or less. Thereafter, the
designated temperature t0 is shifted to t0 - 2 °C. Thus,
the solid line 400 asymptotically approaches a straight
line 406. Consequently, the room temperature t is
maintained at the designated temperature t0 - 2 °C.
On the dashed line 402, after the start.of-the
operation, the room temperature t increases from the
initial room temperature ts as with the solid line 400.

However, when the room temperature t almost accords with



room 4. The air conditioner as set forth in claim HEW?Q rm—sat o
cohpensating neans i s adapted for increasing the desigmgated ENEL SHEET
when t he 30 operation of said air conditioner is in é’fgdeoferUGO ~1[¢]
the room 5. The air conditioner as set forth in clai whierein-sai-¢--
conpensating neans is adapted for decreaggng t he designated tenperature
when t he

the designated temperature t0, the designated temperature
is shifted to t0 - 2 °C. Thus, the dashed line 402 parts
from the solid line 400. Thereafter, the dashed line 402
asymptotically approaches the straight line 406. Thus, the
room temperature t is maintained af the designated
temperature t0 - 2 °C.

Fig. 8 is a graph showing a time dhange of the room
tem;perature in the case where the room temperature t is caused

"“f“f'_'="i'ubé§§&xkh; - ?fhé designated: temperature t0-in the-cooling

-— mode. InPig., 8, a solid line 420.is a curve that -

represents a time change of the room temperature t in thg
case where the temperature shift control is performed
corresponding to the embodiment of the invention. A dashed line 422 is a
curve that represents a time change of the room temperature
t in the case where the conventional temperature shift
control is performed.

On the solid line 420, after the start of the
operation, the room temperature t decreases from the
initial room temperature ts. Thereafter, the solid line
asymptotically approaches a straight line 424 that
represents the designated temperature tO0. In this case,
the variation width AF' of the real operation power
g;adually debreases. When the solid line 420 reaches a
small circle 430, it is determined that AF' is T (for

example, 3 Hz) or less. At this point, the frequency for

4



operati.on of said air conditioner is in a node for hetﬁmﬁdﬂﬁ&lﬁ)ﬁ\""-ﬁﬁ_
whHerei n said conpensating neans is adapted for increading t g W |
tenperature when- the -operation of said air cond|t|Jngmeua g .g -Aodef
cooling the room 6. The air conditioner as set forth
sai d conpensating means is adapted for corrpensatl ng the designat ed

t enperature according to a change of%4 he body tenperature of a user who
is sleeping in the room air caonditioner as set forth in claimb®,

wherei n sai "IHRIRIRY nﬁhﬁegﬁ§19§a§&§pt &gpegature 1s designated.

‘Thus] the designated temperature is maintained.

Thereafter, the designafed temperature t0 is shifted
to t0 + 2 °C. Thus, the solid line 420 asymptotically
approaches a straight line 406. The room temperature t is
maintained at the designated temperature t0 + 2 °C.

When the designated temperature shift qontrol'is
performed twice, the following control is performéd. ‘When

iz - -Tthe foéx'n-w'gemk;éi"a{:ﬁ"i'é' '-f:éppitéaé_ﬁeéf the sbiftéd:designaféa-' -
temperature t + 2 °C, the variation width AF' of the
operation-powef decreases. When the solid line 420 reaches
a small circle 432, it is determined that AF' is T (for
example, 3 Hz) or less once again. Thereafter, the
designated temperature t0 + 2 °C is shifted to tO +.3 °C
once again. Thus, thg control operation for the designated
temperature t0 + 3 °C is performed.

On the dashed line 422, after the start of the
operation, the room temperature t decreases from the
initial room temperature ts as with the solid line 420.
However, when the room temperature t almost accords with
the designated temperature t0, the designated temperature
is shifted to tO + 2 °C. Thus, the dashed line 422 parts
from the solid line 420 and asymptotically approaches a
straight line 426 that represents the designated

temperature t0 + 2 °C. Thus, the room temperature t is



conpegnsati ng t he designated tenperature a plurality off gg
conditioner for air conditioning a roomwith a refriggratind.
conpressor, a condenser, an expansion device, and an g

conprising: a roomtenperature designating device fortdesi JHALITY" &--desi

t he

tenperature of the room a control neg? nismfor controll
t

31 conpressor according he difference between the desire

t enperature desi gnated by said designatin% devi ce
e

maintained at the designated mperature t0 + 2 °C.

-~ As described above, according to the embodiment, when
the variation width A F' of the frequency for control;ing
the AC motor converges to a predetermined range, it is |
determined that the power of the air conditipner'that is
operating approaches the predetermined range of the power

for maintaining the designated temperature. Thereafter,

the temperature shift control is performed.' Thus, even if

or the like, the air conditioner can provide the user with a
comfortable sleeping environment.

Consider the case where the power of the air
conditioner converges to én operation power MMﬂé the
load of the air conditioner is balanced with the 6peration
power at a temperature that is different from the
designated temperature (desired temperature) and thereby
the operation of the air conditioner becomes stable. The
conventional air conditioner performs the temperature shift
control-corresponding to the difference between the
designated temperature and the room temperature,. it cannot
detect_a'match of the room temperature and the designated
temperature. Thus, the air conditioner may not
occasionally change the designated temperature. However,
accoraing to the embodiment of the present invention, éven

if the operation of the air conditioner becomes stable,

-= ~-the-B6dy *emperature—of the user- decfeases due™to sleeping- - -



and rti,h;e tenperature of the room determ ning neans f get yPauieeetiher
t e power controlled by said control nechani sm appro R EN t 1 nied

range of the power necessary for maintaining the desijred t edperdoy 0, an
for generating a corresponding signal; and - conpe SHEP g wEE) _
changi ng the desired - tenperature acc@édi ng to e signal that is

generated by said determ ning nmeans. 9. The air conditioner as set forth in
]E: Lﬁlc,{nl g’nsf %%Pp%rg éﬁegai rcioﬁéiﬁgﬁeraca%\’(\flege%p 4 d%rga{s%io ﬂ?eaailb%oﬁgenpﬁﬁles 8‘% {hg ower >

difference AF of the operation power, it can determine an occurrence of the stable

state of the operation and thereby properly perform the designated temperature

shift control.

The present invention is not limited to the above-described embodiment.
For example, in the above-described embodiment, as a means for representing the
power of the air conditioniné, the frequency for controlling the AC motor was

used. However, another means can be used as long as it accurately represents the

power of the air conditioner. For example, by controlling the voltage applied to a

—  BC motdT; the power of the air conditioner (the nuiiber of rotations of the DC -
motor) can be controlled.

In addition, as a means for determining whether or not the power of the
air conditioner that is operating is approaching a predetermihed range necessary for
main.taining a designated temperature, another method using other than AF' can be
used. For example, a method for estimating a power KO for maintaining the
predetermined temperature and for comparing KO with a present power K of the air
conditioner can be used. In other words, any method can be used as long as it can
be determined whether or not the power of the air conditioner becomes stable at a

temperature near the predetermined temperature and whether or not the power



switcgh,is enabled. 10. The air conditioner as set for | ﬁ%ﬁ&éMENPSHEET
wher'ein sai d conpensating means is adapted for decreasijng t (:n
desired-tenperature when the operation of said air condi Hiane. ZAUGnBSmo

for heating the room 11. The air conditioner as set fd& 'n a0
wherein said conpensating neans is adagted for increasing the desired
t enperat ure when the operation of said2dir conditioner is in a node for

cooling of the air conditioner approaches the predetermined range.

According to the embodiment of the present invention,
the temperature shift control was performed in the sleep
mode. However, the temperature shift control can be
performed in another mode as long as it prevents the
designated temperature from becoming improper due to, for
example, a change of the body temperature of the user; In
addition, the numbér of times ..the temperaturg'shift

7 = control occurs Gin be three or more, Tt 15 not lipited to one amd twOr .
| As described aboveé, according to the air conditioner
of the present invention, when the sleep mode or the like
is selected, the variation o% the frequency: for controlling-
the rotation of the motor of the campressor is detected. When the
variation converges to the predetermined range, the
designated (desired temperature) is shifted (compensated)
to the predetermined temperature. Thus, the air
conditioner of the present invention can provide a user with
a comfortable sleeping temperature environment although the
body temperature of the user decreases. In addition, even
if the load of the air conditioner is balanced with the
operation power at a temperature that is different from the
designated temperature and thereby the operation becomes
stable, since the stable state can be determined, the same
effect can be accomplished. Moreover, since the

temperature shift control is occasionally performed before



32 the,room 12. The air conditioner as set forth i ggsiAREMENTSHEED
sai d conpensating neans is adapted for decreasing the flesire fﬁﬁer&re
when the operation of said air conditioner is in a nmodg g4, Wedt Avg 9
room and wherein said conpensating neans,_js adapted ft—-pereqsknAg—tdo—
desired tenperature when the operation ofziai d air conditioner is in a nod
for cooling the room 13. The air conditioner as set forth in claim12,
wherein said conpengqhi 8¢141BR_ASs:! S adapted-for changing the desired.

tenperature according to a change of the body tenperature of a user who is

sl eeping in the room An air conditioner for varying an air conditioning power and for

causing a room temperature to approach a designated temperature, comprising:
determining means for determining whether or not the current air
conditioning power is approaching a predetermined range of the air conditioning
power required for maintaining the designated temperature and for generating a
corresponding signal; and |
compensating means for changing the designated temperatures in
accordance with the signal that is generated by said determining means.
R .~ T - 2. --—The air Gonditioner as set forth in claim 1-farther comprising:™ - =
a switch, - - T
wherein said compensating means functions when said switch is enabled. -
3. The air conditioner as set forth in claim 2, |
wherein said compensating means is adapted for decreasing the design;ted
temperature when the operation of said air conditioner is in a mode for heating the
room.

4. The air conditioner as set forth in claim 2,

wherein said compensating means is adapted for increasing the designated

temperature when the

[

L
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14..-, <The air conditioner as set forth in claim13, Vhaep| AcEMENT SHEET
cohpensating neans i s adapted for conpensating the desgjred a e a
plurality of times. 15. . The air conditioner as set |f ghi™i& AN
wherein said conpensati ng neans changes the designate SH
predeterm ned fixed anmount. 16. The3air conditioner as set forth in
claim1l wherein said determ ning neans determ nes the air conditioning
power as a function offthe. C canpressor. motor, drjve fregquency. 17.. The
Biv condi t 1 BREFESO8ePT SRR LT HIT hEr cih Hhi % P he FREL Hiins
changes the designated tenperature by 2[err] and the predeterm ned range is
a 3Hz range*B® FRE™motor drive frequency. 18. The air conditioner as set

forth in claim8 wherein said L . ,
5. The air conditioner as set forth in claim 2,

wherein said compensating means is adapted for
decreasing the designated temperature when the
operation of said aif conditioner is in a mode for heating
- the room, and
wherein said compensating means is adapted for
.- = . _~ ‘increasing the designated femperature whén-the -
operation of said air conditioner is in é mode for cooling
the room.
6. The air ‘conditioner as set forth in claim 5,
wherein said compensating means is adapted for'
compensating the designated temperature according to a
change of the body'temperature of a ﬁéer who is sleeping in
the room. |
7. The air conditioner as set forth in claim 6,
wherein said compensating means is adapted for
compensating ﬂﬁadesﬂmﬁued temperature a plurality of tihes.
8. An air conditioner for air conditicning a room
with a refrigerating cycle using a compressor, a condenser,
an expansion device, and an evaporator, comprising:
a room temperature designating device for designating

a desired temperature of the room;

a control mechanism for controlling the power of the

-

(W



conpensatlng means changes the desired tenperature by a i X
-anount . 33 19. The air conditioner 22 set fort% |-H@553§?@ﬂaﬁegBEﬁT
sai d determining means determnines the air conditioner PRVISH:e A& iﬂu clgmn
of an AC conpressor -notor drive frequency. 20. The a PnnHIT1dher - Gl
set forth in claim19 wherein said conpgpsating nmeans changes the desired
tenperature by 2[err] and the predetermned range is a 3Hz range of the

not or drive frequency. . .
compressor according to the difference between the

desired temperature designated by said designating device
and the temperature of the room;

determining means for determining whether "~ the
power controlled by said control mechanism approaches a
predetermined range of the power necessary for maintaining.
the desired temperature and for'gaxﬂathg a corresponding
signal; and |

--¢=",- T compensatlng means for cmmgpng _- . the desired — -
témperature according - 'to the sxgnal that is gemamkaihy -
said dete;mining means.
9. The air conditioner as set forth in claim 8,
further comprising: | |
a switch,
wherein said compensating ﬁeans-funCtions when said
switch is enabled.
10. The air conditioner as set forth in claim 9,
wherein said compensating means is adapted for
decreasing the desired- temperature when the
operation of said air conditioner is in a mode for heating
the room.
11. The air conditioner as set forth in claim 9,
wherein said compensating means is adapted for

increasing the desired temperature when the

operation of said air conditioner is in a mode for cooling
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the room.

12. The air conditioner as set forth in claim 9,

wherein said compensating means is adapted for decreasing the desired
temperature when the operation of said air conditioner is in a mode for heating the
room, and

wherein said compensating means is adapted for increasing the desired
temperature when the operéfion of said air conditioner is in a mode for cooling the
room.

13. The air conditioner as set forth in claim 12,

~. ” wherein said eompensafing ineans is adapted-for changing the desired” -

temperature according to a change of the body temperature of a user who is -
sleeping in the room.

14. The air conditioner as set forth in cla.im 13,

wherein said compensating means is adapted for compensating the desired
temperature a plurality of times.

15. The air conditioner as set forth in claim 1 wherein said
compensating means changes the designated tempefature by a predetermined fixed
amount. _ |

16. The air conditioner as set forth in claim 1 wherein said
determining means determines the air conditioning power as a function of the AC
compressor motor drive frequency.

17. The air conditioner as set forth in claim 16 wherein said
compensating means changes the designated temperature by 2°C and the
predetermined range is a 3Hz range of the motor drive frequency.

18. The air conditioner as set forth in claim 8 wherein said
compensating means changes the desired temperature by a predetermined ﬁxéd

amount.

* c L M S *



~

>
LA

REPLACEMENT SHEET

Date OZAUGm
33 : "
19. The air conditioner as set forth in claim 8 wherein said

determining means determines the air conditioner power as a function of an AC
compressor motor drive frequency.

20. The air conditioner as set forth in claim 19 wherein said
compensating means changes the desired temperature by 2°C and the

predetermined range is a 3Hz range of the motor drive frequency.
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AIR CONDITIONER

ABSTRACT

An air conditioner includes a means for detecting a frequency for
controlling an AC motor of a compressor (26), a means for determining whether
variation width of the frequency during the operation converges to a predetermined
range, and a means for shifting the designated temperature for a predetermined
temperature when frequency converges to the predetermined range, wherein the
temperature is shifted when frequency decreases and converges to the

predetermined range while an operation causes the room temperature to approach

Cae v e

thé"desighatéd temperature. Thus, even if the body iemp;afa—ti-l_r-e- o.f‘alliser' '

decreases because, for example, lie is sleeping, the stable state of the operafion can

.be accurately determined and thereby a comfortable temperature is maintained.



